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ABSTRACT 
 
A ZOOARCHAEOLOGICAL STUDY OF FISHING STRATEGIES OVER 
TIME AT THE RIO CHICO SITE ON THE CENTRAL COAST OF ECUADOR  
 
 
by 
 
 
Amy Milson Klemmer 
 
 
The University of Wisconsin-Milwaukee, 2018 
Under the Supervision of Professor Jean Hudson, Ph.D. 
 
 
Human response to environmental crises is an issue we face today and will continue to face in 
the future. Food security, in the sense of access to sufficient nutrition, is a part of that. Ocean 
fisheries are among the critical resources affected.  The archaeological record can provide 
insights into ecological strategies that did – or did not - work. Archaeological evidence of human 
occupation on the Ecuadorian coast stretches back 11,000 years, making this region of South 
America well-suited to evaluating ecological resilience and sustainability; however, detailed 
analyses of prehistoric fish remains from coastal Ecuador are rare. This thesis concerns 
prehistoric marine fishing strategies practiced along the coast of Ecuador and the impacts of 
environmental and cultural changes on human ecology. Archaeological evidence for which 
fishing strategies show ecological resilience and sustainability over time will be analyzed to 
evaluate approaches to food security over a span of 5000 years. 
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CHAPTER 1: INTRODUCTION 
Research Goals 
This research concerns prehistoric marine fishing strategies practiced along the coast of 
Ecuador and the impacts of environmental change, technological innovations, and trade 
relationships on human ecology. The study consists of the identification, quantification and 
analysis of faunal remains from the site of Rio Chico, an archaeological context that span times 
of known broad climatic shifts and short-term environmental activity such as El Niño Southern 
Oscillation (ENSO) events. Zooarchaeological studies of this kind are particularly relevant to the 
exploration of food security in relation to ecological change resulting from climatic events within 
the broader contexts of evolving cultural traditions. This can be accomplished by searching for 
archaeological evidence that suggests which fishing strategies show ecological resilience and 
sustainability over time.   
  This thesis will focus on the following questions: 1) How important were fish to the diet 
and did this change over time? 2) Which families and species of fish dominate and did this 
change or remain stable over time? 3) What fishing strategies are represented by the dominant 
species and does this change over time?  4) If multiple fishing strategies appear likely, what is 
the dominant strategy over time (if any)?  
The Rio Chico archaeological site (N4C3-170) is located on the central coast of Ecuador 
in Manabí Province near the modern village of Rio Chico at the mouth of the Rio Chico River 
(Figure 1.1). Rio Chico was excavated by Florida Atlantic University (FAU) under the direction 
of Valentina Martínez during the 1997 through 2003 field school seasons. The site produced 
faunal remains, ceramics, and lithics, excavated from multiple features and stratigraphic levels 
that suggest a long occupation span of around 5000 years, from roughly 3500 BCE to CE 1532. 
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Oyala-Couer (2000) established a cultural sequence of occupation at Rio Chico using diagnostic 
ceramics from the site, which confirmed this occupation span. Faunal assemblages included in 
this study were excavated during the 1997, 1998, 1999 and 2003 field seasons. 
Significance 
Human response to environmental crises is an issue we face today and will increasingly 
face in the future. Past responses to environmental crises can contribute to a better understanding 
of what did and did not work. Studies of this nature are particularly suited to regions such as 
coastal Ecuador, where vulnerability to environmental crises has been a factor of both prehistoric 
and modern life and yet humans have still managed to maintain a long occupational history.
 The Ecuadorian coast is well-suited to evaluating ecological resilience and sustainability 
due to the longevity of occupation in this region of South America.  There is archaeological 
evidence of occupation from as early as 11,000 years before present at the Las Vegas site on the 
Santa Elena Peninsula (Stothert 1985). While a variety of ecologically focused studies of 
prehistoric fishing have been done along the Peruvian coast, known for its colder waters and 
extremely productive fisheries, relatively few such studies exist for Ecuadorian coast (Arellano 
and Swartzman 2010; Bakun and Broad 2003; Bakun and Weeks 2008; Moore 1991; Reitz 
2001).  The research I have conducted for this study will contribute to filling this gap.   
Ecuador provides an interesting contrast to Peru due to its warmer waters, its overlapping 
but distinct set of fish species, and the impacts of those ecological factors on human responses to 
environmental changes, including both broad climatic shifts over the past several thousand years 
and the intensity and frequency of short-term environmental events like ENSO-related warming 
of ocean waters. The Ecuadorian collection analyzed in this study has not been previously 
studied from the perspective of fishing strategies and food security during climatic events.  
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Research comparable to this analysis has been productive for the fisheries of coastal Peru and of 
coastal Florida and Georgia (Reitz 2001; Reitz 2004; Reitz 2014). This research could have 
important implications for future applications of fishery management in the central Ecuadorian 
coastal region and provide baseline data for continuity or change in fishing strategies over time 
in an underexplored region of prehistoric coastal marine ecology. Data from the 5000-year span 
at Rio Chico will begin this effort.   
Human responses to environmental challenges are part of the dynamic of cultural 
adaptation.  While my focus is on subsistence and food security, these human solutions are part 
of a larger system of cultural behaviors that include technological innovations, trade 
relationships, social stratification and community organization. In the 5000-year span examined 
here, regional archaeology has defined broad trajectories of cultural development through 
environmental adaptations seen through settlement patterns and subsistence strategies.  The 
generalized subsistence patterns practiced in the earliest known occupations of coastal Ecuador 
developed over time into regional specialization of resources that culminated in a well-developed 
trade system that extended far beyond these regional bounds. It is within this context that I seek 
to model Ecuadorian fishing ecology. 
Organization of the Thesis 
This thesis is organized as follows.  Chapter 2 presents background information pertinent 
to this study, beginning with a review of the literature relevant to Ecuadorian archaeology, 
fishing strategies, and zooarchaeological methods and analyses.  The environmental and 
geographical setting are discussed, along with the faunal resources that might have been 
available to the inhabitants of Rio Chico. The cultural background of Ecuador is outlined 
including the cultural history specific to the site of Rio Chico.  Finally, Chapter 2 provides a 
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summary of the previous archaeological work conducted at Rio Chico, including surveys and 
excavations, and one prior faunal analysis. Chapter 3 describes the methods of archaeological 
excavation used by archeologist and field school director Valentina Martínez and field school 
students from Florida Atlantic University during the 1997, 1998, 1999, and 2003 field school 
seasons, the method for my definition of temporal and spatial components, faunal sample size 
and preservation, and methods of specimen identification and quantification.  I also discuss 
methodological challenges that I faced in conducting this research.  Chapter 4 presents the results 
of my analysis of the faunal assemblage of Rio Chico including composition by taxonomic class, 
faunal assemblage by time period, chronological changes in the relative abundance of fish, 
family and species identifications and potential fishing strategies utilized at Rio Chico. Chapter 5 
is a discussion of my conclusions and a summary of potential future faunal investigations at Rio 
Chico. 
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CHAPTER 2: BACKGROUND 
 
  The following chapter will focus on the background information necessary to understand 
the environmental and cultural context of the analyses in this thesis.  First, I will provide a brief 
review of the literature on zooarchaeology in general and regionally, as it relates to archaeology 
in Ecuador.  Next, I will detail the environmental background of the region, including the 
geographical and ecological aspects that are relevant to this study.  Then, I will give an overview 
of the cultural background in Ecuador, including the accepted archaeological periods in general 
and their associated cultural phases.  I will also discuss the cultural development of subsistence 
strategies, settlement patterns, trade, and social and political organization over time. Finally, I 
will zoom in on the site itself, including site layout, excavations, previous faunal analyses, and a 
brief overview of Rio Chico as it is today (Figure 2.1).   
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Figure 2.1: Map of Ecuador with Rio Chico Site Location 
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Zooarchaeology: Review of the Literature 
Zooarchaeological research has the potential to provide unique insight into human ecologies of 
the past (Davis 1987; Lambrides and Weisler 2015; Reitz and Wing 2010; Russell 2012; 
Sandweiss 2012; Scheinsohn 2003).  Zooarchaeology as a specialty is relatively new in Ecuador. 
Although significant research has begun on the archaeology of coastal Ecuador, much of the 
prehistoric faunal research conducted in this region of Ecuador centers on Spondylus trade and 
manufacture or animal domesticates and land mammal analyses (Bauer 2007; Béarez, Gay, and 
Lunniss 2012; deFrance, Grayson, and Wise 2009;  Martín 2010, Martín 2001; Masucci 1995; 
Meggers 1966; Mester 1997; Paulsen 1974; Pillsbury 1996; Sandweiss 1996; Skinner 2007; 
Stahl 2000; Stahl 2003a; Stahl 2005; Stahl and Norton 1987; Stahl and Zeidler 1990; Stothert 
1985; Szpaka, Millairea, Whitea, and Longstaffeb 2014; Tellkamp 2014). The expected marine 
fauna in coastal Ecuador is very rich, with many endemic species, resulting in a lack of 
comprehensive representation of Ecuadorian taxa in many museum zoological collections.  This 
in turn can hinder comprehensive comparative analyses of zooarchaeological remains (Stahl 
2004:205). Detailed analyses of prehistoric fish remains from coastal Ecuador are 
rare.  Recently, Béarez et al. (2012) studied prehistoric sea fishing at the site of Salango and 
demonstrated both the potential and the need for such studies.  Stahl (1991) conducted a study of 
faunal remains at the southwestern Ecuador site of Loma Alta and hypothesized on the 
relationship of the assemblage and short-term environmental changes related to El Niño events, 
but focused more on land animals and agriculture. 
  Much of the published literature on archaeological evidence for human responses to 
environmental changes along the coast of South America comes from Peru, where the cold 
Peruvian Current creates rich fisheries that are especially vulnerable to ENSO warming 
 8 
events.  Studies on the impacts of ENSO events on modern and prehistoric marine fisheries along 
the South American Pacific coast have also primarily focused on Peru (Arellano and Swartzman 
2010; Bakun and Broad 2003; Bakun and Weeks 2008, Moore 1991; Sandweiss et al. 2004). 
Heavily influenced by the cold upwelling of nutrient rich waters carried by the Humboldt 
Current, the Peruvian coast represents a logical focus of study of the impact of climatic shifts on 
cold-water marine species (Bakun and Weeks 2008).  The Ecuadorian coast is much less studied 
yet provides an important ecological contrast.  The central Ecuador coastal region is influenced 
seasonally by both the cold Humboldt Current and by warmer equatorial waters (Figure 2.2).   
 
Figure 2.2: Map of Pacific Ocean Currents (star indicates Rio Chico site location) 
 
 
   
South	Equatorial	Current
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  A modern artisanal fishery study shows that target species of large pelagic fish change 
seasonally based on the incursion of the cooler waters of the Humboldt Current during the dry 
season, when dolphinfish (Coryphaena hippurus) are the dominant species, in contrast to the 
warmer equatorial waters of the rainy season, in which tuna (Acanthocybium solandri, Euthynnus 
lineatus, Katsuwonus pelamis, Sarda orientalis, Thunnus albacares, Thunnus obesus), billfish 
(Kajikia audax, Tetrapturus angustirrostris, Istiophorus platypterus, Makaira nigricans, Xiphias 
gladius) and shark (Alopias pelagicus , Alopias superciliosus, Alopias vulpinus, Carcharhinus 
brachyurus, Carcharhinus falciformis, Carcharhinus galapagensis, Carcharhinus leucas, 
Carcharhinus limbatus, Carcharhinus longimanus, Carcharhinus obscurus, Carcharhinus 
porosus, Galeocerdo cuvier, Nasolamia velox, Negaprion brevirostris, Prionace glauca, 
Echinorhinus cookie, Ginglymostoma cirratum, Notorynchus cepedianus, Isurus oxyrinchus, 
Isurus paucus, Odontaspis noronhai, Pseudocarcharias kamoharai, Sphyrna lewini, Sphyrna 
mokarran, Sphyrna tiburo, Sphyrna zygaena, Squatina californica, Galeorhinus galeus, Mustelus 
henlei, Mustelus lunulatus) are among the wide diversity of species caught (Martínez-Ortiz et al. 
2015). Archaeological sites near the coast in central Ecuador also provide an opportunity to 
analyze shifts between cold-water species that travel in the Humboldt Current and tropical 
marine species that travel further south during an ENSO event (Lim et al. 2014).  
Environment 
Along the coast of Ecuador, the Humboldt Current meets warmer equatorial waters and 
begins to flow westward giving rise to seasonal variation of environmental conditions 
(Montecino and Lange 2009). The central coast of Ecuador is heavily influenced by two major 
marine currents, the Humboldt Current and the Panama Current (of which the El Niño Current is 
a part) and is characterized by two distinct seasons – rainy and dry. The cold water of the 
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Humboldt Current and its associated Southern Trade airstream influence the climate from May to 
October (the dry season), while the warmer waters of the weaker El Niño Current dominate from 
December to April (the rainy season). This variability impacts the fish species represented, 
creating a mix of cold and warm water species and climatic conditions that make coastal Ecuador 
vulnerable to environmental change (Béarez et al. 2012; Martínez et al. 2006; Montecino and 
Lange 2009; Sandweiss 2012).   
El Niño Southern Oscillation (ENSO) is a recurring climate pattern that occurs in the 
tropical Pacific Ocean and occurs in two- to seven-year cycles, causing a disruption to normal 
temperature, precipitation and winds (Figure 2.3).  The two opposite phases of the cycle are 
called “El Niño,” (characterized by above-average ocean surface temperatures, increased 
precipitation, and changing wind patterns) and “La Niña” (characterized by cooler ocean surface 
temperatures, decreased precipitation, and stronger than normal winds) (NOAA.gov).  The 
combined effect of the colder Humboldt Current and the warmer Panama Current and the 
mixture of cold and warm water fish species can provide additional insight into the impact of El 
Niño Southern Oscillation (ENSO) events on the equatorial coast of South America over time.  
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Figure 2.3: Map of surface water temperature during El Niño and La Niña cycles. 
(https://sealevel.jpl.nasa.gov/science/elninopdo/learnmoreninonina/) 
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Though the central coastal region is classified as subtropical desert, this environmental 
variability and seasonal precipitation, supports a wide variety of micro-habitats within a small 
region, which prehistoric and modern inhabitants have exploited for subsistence (Harris et al. 
2004). These habitats include humid tropical forest, dry tropical forest, alluvial drainage valleys, 
coastal savanna, mangroves, and of course, a wealth of marine habitats (Oyola-Couer 2000). 
Prehistoric evidence suggests that residents of this region were primarily exploiting ocean 
resources and practicing inland agriculture along the semi-humid riverine zone (Harris et al. 
2004). Figure 2.4 illustrates the diverse vegetation zones found in Ecuador. 
 
Figure 2.4: Vegetation Zones of Ecuador (Perry Castañeda Map Collection, University of Texas 
Libraries.) Rio Chico site location indicated by star. 
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The Prehistoric Environment and Cultural Trajectories 
The prehistoric trajectory of archaeological cultures has been linked to various scales of 
environmental change.  Isotope analysis sedimentary strata containing otolith and mollusk 
remains in the Canoa Formation of Central Ecuador indicate a shift to near-modern conditions 
sometime before the end of the Pleistocene (~11,700 B.P.) (Pellegrini and Longinelli 2008: 125).  
This suggests that overall environmental conditions in coastal Ecuador have changed little since 
the known arrival of humans to the region. From the onset of the current seasonal and cyclical 
variations about 5800 BP, large-scale environmental conditions and ENSO cycles on the central 
Pacific coast have been fairly consistent over the last 3000 to 5000 years (Sandweiss et. al. 1996; 
Sandweiss et. al. 2004).  However, there are other centripetal and centrifugal factors of localized 
variability at play that likely had an impact.  Among these are: volcanic instability in the 
highlands, ENSO cycles that likely caused catastrophic flooding and impacted fish species 
available, fluvial processes along river valleys that supported agriculture in this semi-arid region, 
tectonic uplift, and drought (Currie 1992: 41; Damp et. al. 1990: 182). 
Stothert and Sánchez suggest that the Santa Elena Peninsula was wetter during the pre-
Las Vegas occupation (~9000 to 8,000 BCE) and became increasingly drier with cyclical 
variation between wet and dry seasons later in the Las Vegas occupation (6000 to 4700 BCE) 
(2011: 99-100). There has been a debate as to whether or not there was an abandonment of the 
Santa Elena peninsula during the early Valdivia due to drought conditions or if the 1500-year 
gap in occupation after Las Vegas is simply due to dating error or undiscovered sites (Stothert 
1985: 634). Stothert argues that there is no evidence of significant change in the environmental 
conditions along the coast on the Santa Elena peninsula from the Las Vegas occupation to 
modern day (1985: 628-631). She bases her argument on the lack of moist-tropical forest 
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terrestrial species at the site and faunal remains that represent endemic sub-humid resources 
found in the long occupational history of multiple Las Vegas sites on the peninsula (Stothert and 
Sánchez 2011: 100). The desert conditions found on the peninsula today are more likely due to 
modern-day deforestation and destruction of mangroves (Stothert and Sánchez 2011: 101).   
Zeidler and Isaacson argue that Formative cultures (3500 to 300 BCE) evolved from the 
combined factors of “social contingency” and “environmental contingency, so that not only was 
population explosion a factor, but also the “volcanic-tectonic instability of northwestern 
Ecuador” (2003: 70-71).   Their proposed impact zone in which tephra from volcanic eruptions 
might have significantly affected the uneven evolution of Formative cultures lies just to the north 
of Salango and Rio Chico with increasing significance traveling north through Manabí province 
into Esmeraldas province.   They argue that sites outside of this impact zone are characterized by 
“continuous trajectories” of cultural development with little to no hiatus of occupation (Zeidler 
and Isaacson (2003: 78).   
Most pertinent to my region of study are the challenges faced by the roughly seven-year 
cycles of El Niño Southern Oscillation (ENSO) events, of which there is evidence in the 
prehistoric record as well as the historic record (Stahl 1996: 111). Super and mega-ENSO cycles 
have the potential to cause torrential rainfall and associated flooding, mudslides and other natural 
catastrophes, that would have created a need for adaptation during these times.  Mester reports 
that the 1983 ENSO event caused major devastation along the coast, with mudslides cutting 
villages off from one another and creating economic issues with changing availability of fish 
species (1997: 49).  However, she also reports that previous drought-stricken regions further 
inland became lush oases and even coastal towns, such a Salango and Puerto Lopez saw a rise in 
agricultural pursuits (Mester 1997: 49).  This is a modern-day example of the ways in which 
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prehistoric inhabitants may have learned to adapt to a volatile environment. I have discussed a 
few of the challenges that prehistoric settlements may have faced.  Next I will discuss the 
veritable bounty of resources to which they would have had access. 
Expected Fauna 
For a country slightly smaller than the state of Nevada, Ecuador has extreme biological 
diversity (CIA World Fact Book).  In their study of resource degradation in Ecuador, Southgate 
and Whitaker (1992: 795) report that 2,450 vertebrate species are found in Ecuador, compared to 
2,950 in Brazil, 2,800 in Columbia, and 2,550 in Peru.  Unfortunately, in the last 100 years, 
coastal ecosystem disturbances in the form of depletion of mangrove forests due to the 
development of the shrimp industry (particularly in Manabí province), overfishing, and non-
selective fishing in which all organisms are taken and undesired species are discarded on land 
has caused rapid major disruptions to the existing ecosystems (Southgate and Whitaker 1992: 
800-801).  Due to the rapid environmental changes brought on by these major disturbances, it is 
safe to say that there is likely a decline in the biodiversity of expected fauna today from that 
enjoyed by past occupants of coastal Ecuador.  
In his assessment of the overall Formative faunal record, Stahl calls it “one of striking 
richness,” reporting “55 orders, 134 families, 175 genera, and 193 species belonging to nine 
zoological classes” (2003b: 182).   Both coastal and inland inhabitants had close and easy access 
to a rich supply of varying ecosystems from marine (offshore, pelagic, brackish, and estuarine) 
fauna to riverine and terrestrial fauna during the Formative Period.  Many species of large and 
small terrestrial mammals, reptiles, birds, and amphibians are found within the region.  These 
include white-tailed deer, tigrillos, agoutis, possums, howler and capuchin monkeys, sloths, 
anteaters, armadillos, bats, iguanas, snakes, and over 200 species of birds (Lunniss 2001: 40). 
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Marine fish include both warm tropical species carried by the Panama Current and cold 
water species carried by the Humboldt Current.  At least 776 coastal fish species have been 
identified by Prado and Béarez (2004).  Invertebrates, such as lobster, conch, and oysters are 
prolific in the region.  Thus, the natural resources of coastal Ecuador are both rich and vulnerable 
to environmental perturbations.  In the next section I will review the cultural trajectories 
associated with this resource base.  
Cultural Background 
Cultural Chronology on the Coast of Ecuador 
There are four generally accepted archaeological time periods on the coast of Ecuador 
(Table 2.1). These periods have been divided into phases based mainly on ceramic seriation.  
Meggers (1966) outlines a chronology that included four periods that are subdivided into phases 
and is still widely utilized in Ecuadorian archaeology today.  This chronology includes: 
Preceramic, Formative [Early (Valdivia), Middle (Machalilla), and Late (Chorrera)], Regional 
Diversification, and Integration. Beckwith (1996: 8-12) provides a detailed overview of the 
establishment of these time periods as well as the criticisms and problems with these cultural and 
time distinctions that have not been resolved. Marcos (2003) reassesses aspects of the Formative 
period in order to move away from the original definition’s association to the Old World 
Neolithic in which agriculture, ceramics and polished stone tools are related to the beginnings of 
sedentary life. According to Marcos, this becomes problematic in American archaeology because 
sedentism is not necessarily associated with ceramics, nor with a population explosion (2003: 8). 
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Table 2.1: Cultural Time Periods of Ecuador 
Integration  500 to 1532 CE Manteño: 500 to 1532 CE 
Regional 
Diversification  
300 BCE to 800 CE Bahía: 500 BCE to 500 CE 
Guangala: 100 BCE to 800 CE 
Formative  3500 to 300 BCE Chorrera/Engoroy: 1000 to 300 BCE 
Machalilla: 1500 to 1000 BCE 
Valdivia: 3500 to 1500 BCE 
Preceramic ~9000 to 4500 BCE Late Las Vegas: 6000 to 4500 BCE 
Early Las Vegas: ~8,000 to 6000 BCE 
Pre-Las Vegas: ~9,000 to 8000 BCE 
 
I have discussed the broad prehistorical periods in Ecuadorian archaeology.  Next I will 
turn to a discussion of the cultural phases and the associated settlement patterns, sites, 
characteristics, and subsistence strategies within the context of coastal Ecuador.  Figure 2.5 
illustrates the site locations discussed in the text.  
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Figure 2.5: Map of Sites Discussed in Text (Adapted from “Ecuador: Physiology Map.” Perry 
Castañeda Map Collection, University of Texas Libraries.) 
 
The Preceramic Period 
Archaeological evidence dates Early Preceramic sites in Ecuador to approximately 
11,000 BP and span the coast (Pre-Las Vegas phase), foothills (Gran Cacao, Las Mercedes, Los 
Naranjos), highlands (El Inga, La Cueva Negra de Chobshi), and Amazon region (Stothert and 
Sánchez 2011: 83). The Preceramic Period is characterized by fishing, hunting and gathering 
subsistence strategies, with early domestication and cultivation of maize, squash and gourds 
appearing at the Las Vegas site on the Santa Elena Peninsula. The Santa Elena peninsula is in the 
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southwestern coastal region of Ecuador directly west of Guayaquil.  Current evidence points to 
the Santa Elena region as the setting for the initial cultivation of corn (Zea mays) in Ecuador 
through experimental “dooryard gardens” roughly 8000 RCYA. Stone tools associated with plant 
processing and preparation also appeared during this era (Marcos 2003: 13, Piperno and Stothert 
2003: 1056).  The Santa Elena peninsula and neighboring regions of Valdivia to the north and 
Chanduy to the southeast are geographically located far enough away from the volcanic 
instability in the Andes to allow for longevity of human occupation.  It is this stable, sheltered 
environment along with an abundance of coastal and riverine resources, that lead to increased 
sedentism on the coast of Ecuador (Raymond 2003: 35).   
The Las Vegas phase, the earliest known phase of occupation in coastal Ecuador, is found 
on the Santa Elena Peninsula and is subdivided into Early Las Vegas (8,000 to 6000 BCE) and 
the Late Las Vegas (6000 to 4500 BCE) (Stothert 1985: 613).  The Las Vegas complex (8000 to 
4500 BCE) is an Ecuadorian Archaic era culture composed of thirty-one sites all of which are 
located on the Santa Elena Peninsula.  The Las Vegas culture represents very early sedentism 
along the coastal region of Ecuador and there is evidence that subsistence included hunting, 
gathering, fishing, and horticulture (Stothert 1985: 613). Stothert reports based on vertebrate 
faunal remains that, of the relative contribution of calories consumed from animal sources, 
terrestrial fauna (deer, fox, small mammals, birds, amphibians, and reptiles) represents 54%, fish 
(mostly inshore species) represents 35%, and shellfish represents 11% (1985: 619-621).  This 
suggests that during the Preceramic people along the coast were exploiting all the available food 
resources nearby, rather than focusing their efforts mainly on one type of resource.  Stothert also 
notes that there appears to be a “subtle evolution of exploitation patterns from the Early to Late 
Las Vegas Phase” from land animals to fishing (1985: 620).  There is evidence for cultivation of 
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specific plants at the site, and no evidence for seasonality of resources, suggesting that the Las 
Vegas inhabitants were sedentary prior to the introduction of ceramics in the archaeological 
record (Stothert 1985: 624).   
Most of the Vegas sites are small habitations with numerous lithic artifacts, with the 
exception of the 2,200 square meter site OGSE-80. Excavation of the site yielded 192 skeletons 
from 65 burial features with radiocarbon dates from 8250 to 6600 BP, which were based on four 
of the skeletons (Stothert 1985: 624). Individuals were buried with grave goods and distributed 
based on patterns of gender and age (Raymond 2003: 39).  No indications of the nutritional stress 
commonly associated with early reliance on agriculture were noted in comparison with later 
burials on the peninsula (Ubelaker 1980: 23). It is at this site that two primary burials each 
containing a pair of individuals were discovered, including the so-called “Lovers of Sumpa,” 
who were buried in an intertwined fashion with six stones placed on top of the bodies (Stothert 
1985: 625). 
The burials at OGSE-80 represent the oldest known human skeletons in Ecuador and one 
of the oldest and largest cemeteries in South America (Stothert 1985: 613). The general 
interpretation of this site is that it was a home base, based on the proximity and abundance of 
resources within a short distance, with a possible ceremonial function, based on the ritualistic 
funerary practices and evidence of structures that appear to have symbolic placement of burials 
(Raymond 2003: 39).  The number of burials found at the site indicates that it was not just the 
local population being buried there, but also a ceremonial burial center for people from the 
surrounding area on the peninsula (Stothert 1985: 614).  The archaeological record in coastal 
Ecuador develops from the earliest known occupation in Ecuador on the Santa Elena Peninsula 
to locations further north and south along the coast and inland during the Formative Period. 
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The Formative Period 
Early Formative 
During the Early Formative Period, it is the Santa Elena region in which the first 
ceramics in Ecuador make an appearance in the archaeological record and are associated with the 
Valdivia culture (4400 to 1500 BCE).  The Valdivia style of ceramics persisted unchanged for at 
least 1,500 years with standardization of ceramic style and cultural dispersion throughout coastal 
Ecuador (Stothert 1985: 613; Raymond 2003: 46).  Valdivia ceramics are best known by the clay 
figurines, which are often called “Venus Valdivia” (Oyola-Couer 2000).  These figurines were 
commonplace among Valdivia remains, indicating that they were not an elite item; however, 
they were often broken indicating they might have had a ritual ceremonial use (Raymond 
2003:47).  It has been suggested that they may have played a role in female fertility or 
maturation rituals as evidenced by their frequent presence in hearths and household debris 
(Stothert 2003: 399-400).  
Settlement patterns begin to change in the Early Formative moving from the Santa Elena 
peninsula to valley bottom locations, the majority of which are further from the ocean near 
alluvial plains; though sites such as Valdivia in the Valdivia Valley to the northeast and Real 
Alto, in the Chanduy Valley to the southeast are near the ocean. These sites are significantly 
larger than the largest Vegas sites.  Sites, such as Real Alto, grew increasing larger during the 
middle Valdivia phase and there is evidence of increasing social complexity in the structure size 
and distance from the sacred center of the community (Raymond 2003: 50-52).  Another change 
in settlement patterns occurs during the Late Valdivia.  During this time, settlements become 
more dispersed and more evenly distributed along the river valleys and Real Alto shrunk in 
population, but retained its function as a ceremonial center (Raymond 2003: 54).  By the end of 
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the Valdivia phase and the beginning of the Machalilla phase, there is evidence for more 
widespread settlements north into the Jama Valley in northern Manabí and south into El Oro 
Province in the Buenavista and Arenillas drainages (Raymond 2003: 55) 
Subsistence strategies at coastal Valdivia sites were largely based on fishing, with 
evidence for some large-mammal hunting and agriculture. Fish hooks appear in the Early 
Formative, suggesting a shift in focus from mixed subsistence practices to one more focused on 
fishing (Stothert 1985: 632).  Shell hook lures were prevalent at coastal Valdivia sites and there 
is evidence of heavy reliance on nearshore marine and estuarine species (Stahl 2003b: 185).   
However, many of the Valdivia sites are dispersed along alluvial of river floodplains farther 
inland and appear to be more dedicated to agriculture. Marine resources found at these inland 
sites may have been the result of subsistence, ritual or ceremonial trade (Damp 1984: 110; 
Marcos 2003: 14-16).  Settlement locations may also have been selected based on precipitation 
amounts for suitability of agricultural development (Damp 1984: 109).  
Evidence of the cultivation of Canavalia beans at Real Alto in the earliest phase of 
Valdivia supports the early role of agriculture in the western lowlands of Ecuador (Damp et. al. 
1981: 811). Maize shows increasing importance throughout the Valdivia phase.  Pearsall 
identified maize kernel fragments and phytoliths in the earliest Valdivia contexts (Valdivia 1 and 
2) at Loma Alta and was well established in Real Alto by Valdivia 3, as evidenced by its 
presence in 79% of the samples and in all six houses analyzed (2003: 223-224).   
Archaeological artifacts excavated from Isla de la Plata dating to the Valdivia phase 
provide indirect evidence of the development of boat technology during the Valdivia phase.  The 
island is approximately 23 kilometers offshore and those visiting the island would have done so 
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by boat. Though the function of the island is under debate, it is clear that people were visiting 
this island in the Early Formative (Damp and Norton 1987: 116).  
Middle Formative  
There is less research available regarding the Machalilla phase compared to the Early 
Formative, but it appears that there is a change in settlement patterns during this transition.  
While there is continuity in site location on alluvial plains from the Late Valdivia to the Early 
Machalilla, there is increasing variation in site size and distance between sites, and a distinct 
increase in larger, more nucleated settlements (Schwarz and Raymond 1996: 216). Schwarz and 
Raymond determined that the Early Machalilla phase was characterized by an “abrupt” 
population increase, a nucleation of settlements, and an uneven concentration of settlements 
(1996: 218). These changes were followed by a long period of relative stability (~1100 years) 
throughout the Machalilla into the early Engoroy phase, with only slight shifts in the site location 
of major settlements based on meandering riverbanks (Schwarz and Raymond 1996: 217-218). 
During the Machalilla phase there appears to be a greater reliance on agriculture and the 
appearance of increased long-distance trade with Peru. Yet, coastal sites maintained their 
dependence on fishing.  Pearsall reports that maize was “ubiquitous” at the Machalilla site of La 
Ponga (2003: 234). Schwarz and Raymond report that isotope data from Machalilla skeletons at 
the coastal site of Salango show that marine foods were a main component of the diet there, 
though maize was likely a component as well (1996: 220).  Lippi et al. (1984) obtained 
radiocarbon dates on maize fragments at the La Ponga site that were dated to the early Machalilla 
phase.  It appears that a broad subsistence strategy of marine resources and agriculture 
characterizes the Machalilla phase. 
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Late Formative 
   The Late Formative was characterized by the Chorrera culture and a number of regional 
variants, including the Engoroy culture which pertains to the region in this thesis. While the 
Early Engoroy shares similarities with the Machalilla phase, during the Late Engoroy there is 
evidence of another sharp rise in population along with an abrupt expansion of settlements into 
previously uninhabited locales (Schwarz and Raymond 1996: 221).   
It is during this phase that the development of water management in the form of 
albarradas (U-shaped structures built on slopes to collect rainwater runoff) and possible early of 
use of raised fields appear (Beckwith 1996: 47). Although maize cultivation was firmly in place, 
Chorrera/Engoroy phase skeletons from Salango show “somewhat less maize use among that 
population” (Pearsall 2003: 235). This illustrates that even though agriculture was firmly 
established by the Late Formative, there was still variability in diet and a lack of concentrated 
focus on one particular resource type.  There is also growing evidence of the place agriculture 
held in the developing ideological system. Stothert argues that the enormous albarrada at the 
Engoroy site of Achallán was communally constructed not only to function as a water catchment 
system, but also to serve as a water shrine for ritual offerings (including Spondylus) that were 
thought to ensure rainfall (Stothert 2003: 364).   
By the Late Formative, there is evidence of a robust trade relationship in the form of 
Spondylus, other marine shells, and Chorrera-style ceramic vessels from the coast to highland 
sites, such as Pirincay (Bruhns 2003: 130, 166).  Long-distance trade and exchange relationships 
were also firmly in place at this time.  Stothert states, “By the Late Formative, people 
increasingly sought exotic products from different geographical zones.  Many durable magico-
ritual items, including rock crystal beads, obsidian, semiprecious green stones, Spondylus, and 
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Strombus shells, ritual ceramic bottles, and figurines are evidence for religion-driven traffic…” 
(Stothert 2003: 382). This ideological and political exchange through multiple spheres of 
interaction created a “long-distance diffusion of ideas” during the Late Formative (Stothert 2003: 
383).   
The Regional Diversification Period 
During the Regional Diversification Period, there is evidence of increasing stratification 
and distinct ceramic traditions appear. There is evidence of an increase in population clustering 
on the coast at Machalilla, while inland sites such as Agua Blanca remained small and settlement 
there appeared to be very dispersed (Martín 2009: 80).  
The Bahía culture is particularly known for its maritime adaptation and is most evident 
further north along the coast; however, Rio Chico is located toward the northern boundary of a 
local variant - the Guangala culture. There is evidence of early shell manufacturing in domestic 
spaces at sites such as Rio Chico and El Azúcar during the Guangala phase (Martín 2001: 91; 
Reitz and Masucci 2004: 157).  The early development of shell production on the Ecuadorian 
coast was potentially a supplemental subsistence strategy with little evidence of social 
stratification (Martín 2001: 91; Reitz and Masucci 2004: 161). It is merely speculative at this 
time to connect the early shell production on the Ecuadorian coast with the contemporary Moche 
desire in Peru for Spondylus, but it is possible that this played a role in the beginnings of what 
would become an organized industrial system of production along the coast during the 
Integration Period (Martín 2009: 91).  Guangala phase inland occupations likely practiced 
agriculture and trade with coastal sites.  For example, N4C3-040, a small site on an alluvial 
terrace in the Salango river valley shows evidence of large quantities of both charred corn and 
marine resources such as fish bones and shells (Martínez et. al. 2006: 441).  
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The Integration Period 
Following the trend in the previous period, the Integration period is characterized by 
increasing population and greater complexity of sociopolitical organization in the form of the 
political organization called the Salangome, which controlled four towns (Martín 2009: 93). 
Social stratification and political complexity is very clear through a hierarchy of supra-regional 
polities that specialized in manufacture and trade of Spondylus (Martín 2009: 188; McEwan 
2003: 100).  Machalilla remains a significant nucleated settlement and Agua Blanca transforms 
from a small inland settlement to the second largest settlement in the region, though still more 
dispersed than the tight nucleation found on the coast (Martín 2001: 96).    
Marine resources clearly remained one of the most important resources utilized during 
the Integration Period, but terrestrial resources and family farming were growing in importance 
(Martín 2001: 100).  The well-developed trade network of Spondylus and other exotic shell with 
Peru also likely played a large role in the tighter nucleation of communities along the coast 
during this period (Martín 2001: 101).  In contrast to the domestic activity of shell-working 
during the Regional Diversification Period, shell production became more industrialized during 
the Integration, with evidence for separate loci for the various production stages.  
It is clear that the Manteño culture was firmly established when the Spanish, led by 
Pizarro, arrived in Ecuador.  Historical documents from that time portray a skilled maritime 
culture of merchants heavily involved in long-distance trade of Spondylus and highly skilled at 
boat building and ocean navigation (Mester 1997; McEwan 2003: 97). Balsa rafts coming from 
the coastal town of Machalilla reportedly were used to carry trade goods up and down the Pacific 
coast (Martín 2010: 41; McEwan 2003: 98-99).  Historical records state that the Señorio de 
Salangome was in charge of a network of four craft production locales, thought to be modern-
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day Agua Blanca, Machalilla, Salango, and López Viejo (Martín 2010: 41; McEwan 2003: 100). 
This network was largely organized around the trade of one very special product – the thorny 
oyster called Spondylus, that was highly valued as an elite trade item by cultures on the north 
coast and the highlands of Peru and, most notably, by the Inca (Pillsbury 1996).  
The population at the site of Machalilla grew exponentially during this period with a 
majority of the shell workers from the region residing there (Martín 2010: 54). The access to a 
wealth of marine resources at Machalilla allowed households to supplement their domestic 
income with shell working, but without the need for large plots of land for farming.  This likely 
contributed to the nucleation found at Machalilla as opposed to the dispersed settlements further 
inland at Agua Blanca (Martín 2010: 54).   
Agua Blanca is considered to have been the political and ceremonial seat of power for the 
regional Señorio de Salangome due to the presence of stone seats, a large number of elite 
ceramics, a small number of utilitarian ceramics, and corrales - rectangular structures with tall 
stone wall foundations (McEwan 2003: 520-525, Martín 2001: 151). Agua Blanca residents were 
more dependent upon terrestrial resources such as agriculture, which required more land and 
contributed to the greater dispersal of settlements there (Martín 2010: 54).    
Lopez Viejo, with its high concentration of specialized tools and finished shell artifacts, 
is thought to have been a workshop for the final stages of bead production (Currie 1995).  
Smaller settlements on the coast have also been linked to shell workshops.  Excavations at Los 
Frailes in Machalilla National Park uncovered a mother-of-pearl workshop that included the 
entire process of manufacture from procurement to final craft production (Mester 1997: 173; 
Martínez et. al. 2006: 441).  Excavations at Rio Chico uncovered a large Spondylus shell 
workshop that appeared to focus on the procurement, storage and early manufacturing stages for 
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transport to another location for the final stages of craft production (Harris et al. 2004: 40; 
Martínez et al 2006: 442).  
Martín has argued that the overall shell composition at the sites of Machalilla, Lopez 
Viejo and Los Frailes is “soundly dominated by small gastropods for consumption and craft 
production appears as a minor or secondary activity within the shell middens (2001: 129). He 
argues that shell craft manufacture and production during the Integration was still largely a form 
of “domestic economy” as an activity on the household level (“cottage production”) to 
supplement food resource procurement and other cultural activities, but had not yet grown to the 
form of “political economy” in which an elites were extracting surpluses to control and finance 
larger-scale institutions (Martín 2001: 156, Martín 2014: 66).  
From the earliest known small settlements on the Santa Elena Peninsula to the latest 
settlements that were part of a vast trade network spanning South America, the central coast of 
Ecuador provided those who lived there with a broad range of resources.  On the coast, people 
were able to concentrate over time into nucleated settlements that focused on the abundance of 
marine resources, while inland, access to land and water allowed people to live in more dispersed 
setttlements and focus on agriculture and terrestrial resources.  These populations were 
inextricably linked through kinship and subsistence trade – ties that grew over time into the 
complex sociopolitical organization of the Salangome. While their differences were great, the 
earliest and latest inhabitants on the central coast of Ecuador had much in common – the ability 
to adapt to and make use of the environmental conditions to sustain their communities. 
 
 29 
Site Background: Rio Chico (N4C3-170) 
Site Layout and Physical Setting 
The Rio Chico site (N4C3-170) is located on the central coast of Ecuador in southern 
Manabí province, Jipijapa cánton, Puerto Lopez parish.  It is about 4.5 km south of the village of 
Salango and about 12 km south of the larger town of Puerto Lopez. The Salango site (OMJPLP-
141) is the closest known archaeological site. Rio Chico is situated on an alluvial terrace at the 
mouth of the Rio Chico river and a few short meters from the beachfront of the Pacific Ocean.  It 
is ideally located in a protected bay with low hills climbing toward the foothills of the Changon-
Colonche Cordillera (Figure 2.6). 
Rio Chico is a multi-component site and was occupied nearly continuously from Valdivia 
to colonial times (Martínez et al. 2006; Oyola-Couer 2000).  This site is advantageously located 
near a wide variety of resources found in the diverse habitats within a short distance.  The sandy 
bay is well-protected by rocky outcrops on both ends and Salango Island just off the north point. 
The relative stability of access to resources and the protected nature of the site would have made 
it a desirable location, as evidenced by the longevity of occupation (Figure 2.7).   
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Figure 2.6: Regional view of site (Google Earth) 
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Figure 2.7: Regional Geography of Site (Map Redrawn from Oyola-Coeur 2000) 
 
The site originally spanned both north and south of the Rio Chico river, but a modern 
hosteria was developed to the north of the river and covered or destroyed that portion of the site. 
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Figure 2.8 shows a Google Earth close-up of the site and modern hosteria.  The owner of the 
hosteria has created a display of a large variety of archaeological artifacts that were uncovered 
during its development. Unfortunately, it is likely that the context of the artifacts has been lost 
and so they cannot be used to aid in interpretation of the site. The excavations were conducted by 
FAU just to the south of mouth of the Rio Chico River. A modern abandoned building is also 
present south of the river next to the site excavations. It is apparent from the photo shown in 
Figure 2.8 that the site would have been well-protected by the rocky outcrop to the south and 
another to the north.  Due to its location near the Pacific Ocean, the Rio Chico river, mangroves, 
and the nearby hills, the occupants of the Rio Chico site had access to a variety of habitats to 
exploit for food resources.  Marine, estuarine, riverine and terrestrial fauna were all within easy 
distance. The protected nature of the site can be seen in Figures 2.9 and 2.10 in photos taken by 
author from the middle of the bay.  
 
Figure 2.8: Close-up view of the Rio Chico Site (Google Earth) 
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Figure 2.9: View from the beach looking north toward Salango Island (Photo by author 2017) 
 
Figure 2.10: View looking south.  Site is at the base of the outcrop (Photo by author 2017) 
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Archaeological Work at the Site 
Presley Norton, the principal investigator of the Salango site (OMJPLP141), conducted 
test-pit excavations at Rio Chico in 1983, R.K.R. Smith conducted a survey of coastal drainages 
including Rio Chico in 1985, and Allan and Allan conducted minor excavations of the 
surrounding terraces in 1988 (Oyola-Coeur 2000:3).  Eric Lopez conducted fieldwork at the site 
in 1996 during which he excavated a platform structure from early Valdivia with a pit containing 
faunal remains, fishhooks made of mother of pearl, worked shell, broken figurines, and ceramics 
(Stothert 2003: 400). According to Oyola-Coeur, none of these prior investigations were 
systematic and therefore could not be used to determine the site’s cultural sequence (2000: 3).  
Florida Atlantic University students, led by archaeologist and field school director 
Valentina Martínez, excavated the site between 1997 and 2003 in three designated sectors, A, B, 
and C (Figure 2.11).  Sector A represents a long occupation span, with the exception of a 
possible gap in occupation during the Regional Diversification Period, and a dense Integration 
Period Manteño occupation. Sector B is separated from the rest of the site by a modern drainage 
ditch originating at a nearby resort. Sector B represents the largest cultural assemblage with the 
earliest Valdivia occupation (Martínez et al. 2006). Sector C represents the longest Valdivia 
occupation at the site in the form of multiple living floors and a midden.  
Table 2.2: Occupation of Sectors by Phase (O = known occupation) 
 Valdivia Machalilla Engoroy Guangala Manteño 
A O - O O O 
B O - O O O 
C O O O O O 
 
 35 
 
Figure 2.11: Map of the Geography of Rio Chico Site  
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Sector A 
Excavations in Sector A began in the initial FAU field school season in 1997 and 
continued in subsequent seasons with evidence of Valdivia, Engoroy, Guangala, and Manteño 
occupations.  During the 1997 and 1999 FAU field school excavations of Sector A at Rio Chico, 
a linear feature (labeled as a prehistoric trench in site records) was excavated.  This feature was 
approximately 11 meters long, 60 centimeters wide and 50 centimeters deep.  Postmolds were 
present in association with the linear feature, leading to several hypotheses of the its function.  
Interpretations included: a simple wall supported by wooden posts to provide a protective barrier 
from the elements, a large platform structure that might have served as a Spondylus workshop, or 
a “calendrical device,” similar to that of the Integration Period seat of power at Agua Blanca.   
During excavation in this sector, remains of a large non-domestic structure was 
uncovered with a footprint of 50 x 20 meters and an associated linear feature, labeled a 
“builder’s trench” (V. Martínez personal communication). This structure has been interpreted as 
an industrial Spondylus workshop for the processing and storage of shell to be redistributed and 
includes features such as pits to store shells and hearths for cooking food, as well as artifacts 
such as shells and stone tools (Harris et al. 2004: 40).  According to Harris et al., it has the 
distinction of being the “largest non-ceremonial structure to be recorded for this coastal region” 
(2004: 40).  Sector A was largely composed of the Manteño occupation; however, a large 
Guangala pit was uncovered during the 2003 season (Feature 733).   
Sector B 
Excavation units in Sector B were opened up during the 1997 FAU field season and 
consisted of four 1x1m units (Units 8 through 11). It was determined that there were four cultural 
occupations in this sector: Valdivia, Chorrera/Bahia, Guangala occupations and a Manteño 
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occupation (Harris et al. 2004: 40). Oyola-Couer determined based on seriation that the Valdivia 
component in Sector B was densely occupied during Valdivia Phases 3-5 and thick colluvial and 
alluvial deposits in the levels directly above this occupation were the result of severe flooding 
(2000: 99).   
The Late Formative occupation in Sector B at Rio Chico appears to have been limited to 
a possible Chorrera/Engoroy midden with no evidence of associated ecofacts. The Regional 
Diversification occupation is limited to a late Guangala occupation domestic area with evidence 
of food preparation and storage, lithic and shell manufacturing, and multiple primary burials 
(Oyola-Coeur 2000: 102). This occupation appears to be brief based on the shallow nature of the 
midden deposit.  The Manteño occupation in Sector B was interpreted as a domestic area with 
evidence of a fire pit/lime kiln, lithic debitage, and other remains of daily utilitarian life (Oyola-
Coeur 2000: 105).  
Sector C 
Excavations in Sector C were first opened during the 1998 FAU field school season.  
This sector is closest to the beach and severe erosion due to a strong ENSO cycle was a major 
factor in determining the excavation location. Subsequent excavations in this sector took place 
during the 1999 season during which twelve 1x1m units from the 1998 season were reopened 
and new units were added.  A Valdivia midden and multiple Valdivia living floors were 
excavated in this sector.  To date no further analyses have been done on this sector to confirm or 
redefine these initial interpretations, so interpretations of this sector are limited to the annual 
informes. All phases of occupation are thought to be represented in Sector C. 
In summary, site function at Rio Chico appears to have changed over time. The Valdivia 
and Guangala occupations of Rio Chico were smaller fishing communities, while the later 
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Manteño occupation appears to be an industrial site dedicated to the capture, processing, and 
storage of Spondylus for distribution to the nearby sites of Salango and Lopez Viejo (Martínez et 
al. 2006; Skinner 2007).  I will now discuss the previous faunal analyses that have been 
conducted at Rio Chico. 
Previous Faunal Analyses 
  Faunal remains from sector B were analyzed in 2001 for FAU by Patrick Gay, a graduate 
student in zooarchaeology, who analyzed faunal materials from other related sites and curated 
and maintained the comparative collection at the Salango Research Center from 1997 until his 
departure in 2007 (V. Martínez personal communication).  Gay identified a small sample with a 
number of identified specimens (NISP) of 672 (75% fish, 24.6% mammal, 0.3% reptile, and 
0.2% bird) (2001: 31).  The sample was highly fragmented and burned.  He determined that 
53.2% of the NISP was from the family Carangidae, while 14% of the NISP was from the family 
Scombridae (2001: 26).  Gay (2001) reports that the majority of the remains came from the 
Valdivia midden (64.9% of NISP); other components included Chorrera/Bahia (7.9% of NISP), 
Guangala (3.4% of NISP), and Manteño-Guangala (23.8% of NISP). The Valdivia component 
was dominated by the Carangidae species of Pacific crevalle jack (Caranx caninus). The 
mammal remains were largely those of white-tailed deer (Odocoileus virginianus), though dog 
(Canis familiaris), and members of the Muridae family (rats and mice) were also present.  As 
Gay’s analysis represents the only other prior vertebrate faunal analysis from the Rio Chico site, 
his results and conclusions will be elaborated in greater detail in the discussion chapter of this 
thesis. 
  Raymond Skinner (2007) conducted an analysis on the technological processes of 
Spondylus craft production at the site.  He had two goals. First, he evaluated patterns in rim 
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extraction techniques and how they changed over time. Second, he compared these temporal 
changes to the broader exchange system in which Rio Chico played a role.  Skinner conducted 
valve reduction experiments to reconstruct potential processing methods of Spondylus shell to 
remove the colorful outer rim surface, utilized in craft production, from the white inner core.  He 
concluded that the extraction methods remained stable over time; however, they were less 
intense (more usable rim material was left intact on the discards) during the later Manteño period 
due to a greater supply (expanding geographic exploitation of Spondylus beds) and the 
increasingly industrial nature of processing at the site.  This correlates with a more formal 
organization of the regional trade network during this time. His conclusions provide support for 
the Harris et al. (2004) interpretation that Rio Chico’s role in the well-development system of 
craft production and exchange in coastal Ecuador during the Manteño phase was that of an 
extraction and processing site of raw material.  
Modern-Day Rio Chico 
  Recent ethnographic research in the Salango region shows that residents of the 
community practice mixed subsistence of ocean resources, mountain horticulture, and 
agroforestry, by retaining access to land in the nearby foothills; however, there are differences 
between Rio Chico and nearby Salango (Harris et al. 2004).  Modern residents of Rio Chico have 
sold their land with access to the ocean to foreign investors and have had to rely more upon 
horticulture as a result; whereas, in Salango, just north of Rio Chico, residents have intensified 
fishing since the building of a coast road has opened up access to commercial markets (Harris et 
al. 2004).  These neighboring communities are bound by kinship and economic ties and their 
futures are interconnected, making fishery management an important contemporary issue for 
both villages. As this region of the Pacific is one of the most biodiverse in the world, 
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understanding fishing strategies from both a modern and prehistoric perspective has potential to 
provide the communities of Rio Chico and Salango with a wider range of tools to cultivate a 
greater sustainability of resources during uncertain environmental and economic times.  
Summary 
 Ecuador is a unique location in which to study human responses to ecological and 
environmental impacts due to its long cultural occupation, potential for seasonal and cyclical 
variability, and rich biodiversity.  It is clear from early in the cultural development of Ecuador 
that human inhabitants adapted to their surroundings by utilizing diverse subsistence techniques 
to lessen the effects of environmental instability.  These adaptations formed the basis for the 
trajectory of social development along the coast and eventually resulted in a fruitful long-
distance trade of shell that allowed people in the region to maintain their overall autonomy until 
the arrival of the Spanish.   
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CHAPTER 3: METHODS 
This chapter outlines the methods used in this analysis, including excavation methods, the 
laboratory facility and comparative collections utilized, identification and quantification 
procedures, and definition of temporal and spatial components.  I also discuss challenges and 
limitations I encountered while conducting this analysis.  
Excavation Methods 
 The Rio Chico site was excavated by FAU field school students under the direction of 
Professor Valentina Martínez during the years 1997 to 2003.  During this time, three sectors (A, 
B, and C) were excavated.  Each year, site informes, preliminary reports written by 
undergraduate field school students, were compiled and presented to the Department of 
Anthropology at FAU (Martínez et al. 1997-2003).  The informes are housed at the Salango 
Research Center.  Site excavation methods are outlined as followed (V. Martínez personal 
communication).  Three sectors, A, B, and C, were identified based on the pedestrian survey and 
using shovel test pits.  Local workers cleared the vegetation prior to excavation.  Control units 
were used to provide a profile of stratigraphy.  Units were 1x1 meter and were labeled using a 
grid system.  Smaller exploratory units were performed at the end of the season. The control 
units were excavated in arbitrary levels of 10 cm. Other units within sectors (A, B, C) were 
excavated using arbitrary levels; all features were recorded. Prior to excavation, each feature was 
troweled, photographed, and mapped. After describing the fill characteristics (i.e., color, texture, 
content) at the top of the pit, it was excavated in one of two ways. Pits interpreted as possible 
postholes (including those later determined to be stump holes based on fill content) were 
excavated as a single zone and were not bisected. The fill was scooped out with a trowel or 
spoon, and placed in a plastic bag. Large pits, such as the Guangala pit excavated in Sector A, 
 42 
were bisected and excavated by halves in order to expose and document the stratigraphy. All fill 
from pits was screened through 1/16-inch window screen; fill from the rest of the unit was 
screened using a 1/8-inch screen. 
During the first year of excavation an arbitrary datum of 100 meters was established. In 
subsequent field seasons subdatums were established in each unit to tie into the original datum. 
All elevations were then tied to the original datum. Each unit has plan maps, feature profiles, and 
unit profiles and an extensive photographic record.  Plan maps were made to record any artifacts 
left in situ. A stadia rod and theodolite were generally used to record bottom elevations for each 
level.  Artifacts were separated on site and placed into labeled bags. Artifacts were then cleaned 
and processed at the Salango Research Center.   
Salango Research Center 
I identified the Salango area of coastal Ecuador (Manabí province) as the region for my 
research partially based on the availability of relevant archaeological materials and research 
infrastructure at the Salango Research Center (SRC).  Florida Atlantic University (FAU) has 
conducted an archaeological field school and ethnographic research program in the region since 
1997 and has built a considerable relationship with the community of Salango. The laboratory is 
housed in the Salango Research Center, which is administered by the indigenous community.  
An archaeological museum is also onsite.  FAU conducts their annual field school out of the 
Salango Research Center and both the local comuna and FAU field school directors are 
welcoming to researchers wanting to utilize the laboratory and comparative collection.  
A prominent Ecuadorian zooarchaeologist, Amelia Sánchez Mosquera, helped build an 
extensive faunal comparative collection at the Salango Research Center where FAU archives 
their collections and does their analysis. According to FAU, the faunal comparative collection is 
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one of the most extensive in South America. Stahl (2004) hails the collection as “an excellent 
purpose built comparative collection of Ecuadorian material.”  
During my first visit to the Salango Research Center, I created a digital inventory of the 
fish and mammal specimens curated in the comparative collection using the box label on each 
specimen.  I also began working on the bird, reptile and amphibian inventories.  This inventory 
includes the following: Collection #, Family, Genus, Species, Common Name, Total Weight (g), 
Skeleton Weight (g), Weight without Viscera, Maximum Length (mm), Length without Tail 
(mm), Head Length (mm), and any notes on the box labels. This will allow easier access to a 
digital database of expected fauna in the region and to specimens that are available for 
comparative purposes. When complete, a digital copy will be housed at the SRC.  
Sample Size and Preservation 
 Boxes of faunal remains had been stored in a comuna storage area since excavations 
ceased in 2003.  My initial task upon arrival in Ecuador was to go through the storage building 
and sort through boxes to find all faunal remains from Rio Chico.  All field school seasons were 
identified and the boxes of faunal remains were moved to the laboratory at the Salango Research 
Center (SRC).  A box of remains from Sector B located in the storage room at the SRC was 
determined to be the sample analyzed by Patrick Gay in 2001.  I created an inventory of boxes in 
a digital database that includes all six field school seasons and lists the following for each 
individual bag of fauna from the original field bags: INPC# (assigned by Instituto Nacional de 
Patrimonio Cultural), unit, level, elevation, feature #, bag #, date collected, name of collector, 
and any other notes present on the bags.  This inventory and digital database will provide a 
tracking system for any bag from Rio Chico.  I also re-boxed most of the assemblage due to the 
disintegration of many of the storage boxes.  These boxes were assigned a number by the INPC 
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during an inventory of the Rio Chico artifacts. In order to sort and group bags from each field 
school season, it was necessary to move stray bags from boxes with different INPC numbers. 
The movement of the faunal bags has no impact whatsoever on provenience integrity.  I recorded 
the old and new INPC box numbers in the database for the benefit of the INPC.  This database 
will be shared with the FAU field school director. To my knowledge, all faunal remains from Rio 
Chico are currently stored within the SRC.   
 I identified a total of 18,172 bones using a sample of faunal remains from the 1997, 1998, 
1999, and 2003 field school seasons.  All of the units that were excavated during these seasons 
were included in the sample.  The 2000 through 2002 field school seasons were not included in 
the sample, therefore, future analyses that include these remains may have an impact on the 
results presented in this thesis.  It would be desirable to analyze the entire faunal assemblage 
from Rio Chico, but for the scope of this thesis I focused on accurate class, family, and species 
identifications. 
 The overall preservation of remains was good.  There was little to no salt encrustation.  
Fish bones exhibited a high degree of fragmentation, particularly in the lower stratigraphic 
levels. Some field school seasons were able to undertake a good cleaning of the faunal remains, 
while other years the time simply did not allow for a thorough cleaning of bones.  Therefore, 
some bones were highly encrusted in dirt.  As part of my project, these were cleaned with 
toothbrushes and the careful use of dental picks for excessive compaction of dirt.  Water was not 
used for cleaning at this time due to the need to process remains quickly and store them in bags.  
Due to the level of humidity, the possibility of mold developing over time was an important 
consideration.  Since some specimens could not fully be cleaned without water, there may have 
been an overrepresentation of some specimen weights.  As previously stated, much of the fish 
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assemblage was highly fragmented, making identification beyond taxonomic class often difficult.  
Measures of relative abundance based on NISP may be impacted by the level of fragmentation of 
fish bones.  
Identification and Quantification 
The Rio Chico faunal assemblage has been housed in a comuna warehouse since 
excavation ended but, with the exception of the sample from Sector B that was analyzed by 
Patrick Gay (2001) for Valentina Martínez, the faunal assemblage from the site had not yet been 
analyzed.  Faunal remains from Rio Chico span the entire range of occupation of the site, 
creating the chronology necessary for analysis of change or stability in resource usage and 
fishing strategies over time.  
First, I identified the faunal remains to taxonomic class using skills acquired from 
previous coursework, incorporating illustrated guides and techniques (Rietz and Wing 2010, 
Wheeler and Jones 2009), identification of characteristic bone structure and mass, and diagnostic 
elements. I confirmed these identifications using the comparative collection at the Salango 
Research Center.  Next, I used the zooarchaeological quantification methods of number of 
identified specimens (NISP) and bone weight in grams (g).  NISP counts were based on any 
complete or fragmented remains that could be identified to taxonomic class. All identified fish 
specimens were Osteichthyes with the exception of one identified vertebra of Chondrichthyes, 
which is noted in the species table in Chapter 4.   The class of fish was then further identified to 
the lowest taxonomic level possible using the comparative collection.  Family and species level 
identifications were made when possible and as time allowed.  The most abundant element for 
family identification was vertebrae, with Scombridae being most prolific and identifiable. When 
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identified, discrete skeletal elements (both complete and fragmented) were noted.  Modifications 
such as burning and cut marks were not a focus of this thesis, but were noted for future analyses.  
Methodological Challenges 
A full synthetic report on Rio Chico is in progress, but was not available at the time of 
my analysis. This presented challenges in reconstructing the site proveniences and 
interpretations.  Most of my site information was gained from reading through the site informes 
that were compiled after each field season and housed at the SRC in Ecuador.  The informes 
were written by multiple undergraduate field school students, resulting in variability in how 
information was collected. Additional paper records and field journals are held on file at FAU, 
but these are not digitized and must be viewed there.  Due to time and financial constraints, I was 
unable to travel to FAU to consult these additional records for this analysis. The results of this 
thesis should be reviewed once a synthetic report is available, in case any interpretations of 
provenience require revision.  
Bone fragmentation is an issue that zooarchaeologists must consider when making 
interpretations of their primary data.  The number of specimens identified in these analyses 
include both complete elemental specimens and highly fragmented ones.  Highly fragmented 
assemblages create the potential to overestimate certain taxa when using NISP as a measure of 
relative abundance.  Bone weight provides an alternative measure, but can be problematic as 
well.  Mammal bones are generally denser than fish bones, which means measures of relative 
abundance based on weight may favor larger mammals. Differential preservation is also an issue 
when considering NISP or bone weight alone.  I included both NISP and weight in my analyses 
to determine patterns, but relied on weight to make my interpretations on temporal and spatial 
levels. 
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Defining the Temporal Components 
One of the objectives of this thesis is to evaluate change over time. In order to define the 
temporal components of my sample, I categorized them by three distinct periods: Early 
Formative, Middle/Late Formative, and Integration. I relied on the informes that were written by 
students after each field school season to make temporal assignments per provenience. I utilized 
the records of units, levels and stratigraphic reconstruction in the informes and the interpretations 
of features, stratigraphy, and function. Diagnostic ceramics, living floors, middens, trenches, 
colluvial layers were among the resources used by the field school to interpret the stratigraphy 
and the site functions.  I was conservative in my assignments. Any level that was interpreted as 
highly disturbed in the informes was omitted from my analysis. 
The earliest and latest time periods were the least challenging to identify due to 
stratigraphy; however, the middle time period (Middle/Late Formative) provided a greater 
challenge.  Early Formative and Integration time assignments are the most reliable. My time 
assignments are as follows: Early Formative includes Early to Late Valdivia occupations, 
Middle/Late Formative includes Machalilla and Chorerra/Engoroy occupations and Integration 
includes Manteño occupations.  There was a small number of Guangala remains (Regional 
Diversification Period) and a large Guangala pit, but this pit was not included in my sample.  The 
Regional Diversification Period is not well represented in my sample and creating a separate 
time designation would have created too great of a difference in sample size.  Therefore, remains 
identified as Guangala in the informes were excluded from the temporal analyses.  Finally, when 
I encountered collected data for units and levels that were not reported in the informes, I used 
stratigraphy from adjacent units to piece together a time assignment (when possible).  
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Defining the Spatial Contexts 
Cultural practices can be viewed in different ways depending on the type of activities that 
are occurring in different spatial contexts within any given archaeological site.  Daily activities, 
such as food preparation and consumption can lend some insight into subsistence practices. 
Given the different behavioral contexts that can be represented in any given time period, I also 
tried to define certain subsets for types of use of space, such as active living surfaces and 
associated features and domestic debris.  Defining comparable spatial contexts for Early 
Formative (Valdivia) and Integration (Manteño) proved to be challenging, but I attempted to do 
so by identifying two areas of the site with defined living areas utilized for food preparation and 
consumption.  In the earlier time period I identified a series of Valdivia house floors and a 
midden, while in the later time period I identified a large floor of a Manteño structure that has 
been interpreted as a Spondylus workshop with multiple hearths utilized for cooking.   
The large Manteño structure in Sector A has been interpreted by Martínez (2006) as a 
non-domestic structure potentially utilized as a Spondylus processing workshop.  However, due 
to the significant concentration of fish considered to be food resources and multiple hearths 
utilized for cooking, it is clear that the structure was also used for food preparation and 
consumption.  It is possible that workers were preparing and cooking their food here while they 
were working Spondylus. As full analysis has not yet been conducted on this large Manteño 
structure, it opens the possibility of testing its function (V. Martínez personal communication). 
To remain within the scope of this analysis from a zooarchaeological perspective, I will simply 
consider this structure as a communal food preparation and consumption area, in order to more 
effectively compare it to a much earlier concentration of faunal remains utilized for the same 
purpose. 
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 The Valdivia component of this spatial analysis is in Sector C and has been identified as 
multiple living floors and a large midden that was utilized over a long temporal span in the Early 
Formative Period.  Units and levels were chosen based on interpretations and unit/level notes 
within the informes.  There is no evidence of the stratification and organization of specialized 
processing of Spondylus during the Early Formative as has been shown in the Integration.  
Therefore, it would be impossible to conduct a comparative analysis of workspaces over time.  
Keeping this in mind, my intention is to make a preliminary assessment of food resources 
(specifically fish) as they were utilized in the earliest and latest occupation of the Rio Chico site, 
regardless of the overall interpretation of site function.  Obviously, these two time periods 
represent two very different social structures in Ecuadorian prehistory.  Therefore, the Valdivia 
component in my spatial analysis will also be labeled as a communal food preparation and 
consumption area.   
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Analysis 
Figure 3.1 illustrates the methods I utilized to answer my research questions. 
 
Figure 3.1: Research Questions and Associated Methods 
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Summary 
  For this study my research questions were: 1) How important were fish to the diet and did 
this change over time? 2) Which families and species of fish dominate and did this change or 
remain stable over time? 3) What fishing strategies are represented by the dominant species and 
does this change over time?  4) If multiple fishing strategies appear likely, what is the dominant 
strategy over time (if any)?  In order to answer my research questions, I employed 
zooarchaeological quantification methods to each question in a specific order. To answer my first 
research question, I analyzed NISP and bone weight results to develop a chronology of the 
relative abundance of fish among other vertebrate resources in order to determine if the 
importance of fish changed significantly or remained relatively stable over time. The relative 
importance of fish versus terrestrial resources has played a key role in subsistence practices 
throughout the long occupational history of coastal Ecuador. I determined that bird, amphibian, 
and reptile were not important components of diet at Rio Chico and shifted my analyses to the 
relative abundance of fish and mammal. Indexing the relationship between just two types of 
resources is an appropriate zooarchaeological technique to determine relative importance of key 
species and discern shifting patterns over time (Broughton et. al. 2011: 414).  
To answer my second research question, NISP and bone weight data was utilized to 
determine chronological exploitation of particular families and species of fish to determine if 
these changed significantly or remained stable over time. I then categorized the most abundant 
fish species in each time period by their marine habitats in order to interpret potential fishing 
strategies utilized over time to answer my third and fourth research questions. These analyses 
will provide the data for interpretation of significant change or relative stability in resource usage 
and fishing strategies over time.  
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CHAPTER 4: RESULTS  
The following chapter is a review of my analysis of vertebrate remains from the Rio 
Chico site (N4C3-170).   First, I will describe the sample analyzed in its entirety, both by 
taxonomic class versus unidentified bones and a breakdown of taxonomic class that excludes the 
unidentified bones. Next, I will analyze a subset of the sample for three periods of Ecuadorian 
prehistory: Early Formative, Middle/Late Formative, and Integration. In the next section, I will 
begin by presenting descriptive data for both NISP and bone weight by taxonomic class and then 
offer a comparative analysis of the chronological changes in the relative abundance of two key 
resources at Rio Chico – fish and mammal – using bone weight.  Next I will focus on two living 
surfaces and the associated debris of meals, comparing Early Period Valdivia floors with 
Integration Period Manteño communal workshop floor. In the next section I will provide a 
preliminary analysis of a small subset of the fish sample which I was able to identify to family-
level and species-level classifications.  I will discuss the two most abundant families of fish and 
describe the potential fishing strategies for each of the associated species.  Finally, I will apply 
my identifications to a chronological assessment of the importance of these fish.  
Taxonomic Class vs UNID 
The sample analyzed in this thesis consists of a NISP of 18,172 bones and bone 
fragments.  Of those remains, 17,941 (6749.27 g) were identifiable to taxonomic class and 
categorized as fish, mammal, bird, and reptile/amphibian. Reptile and amphibian represented 
such a small proportion of the sample, that it seemed prudent to combine them.  The remaining 
231 specimens (222.22 g) were identified only as vertebrate bone. Figures 4.1 and 4.2 illustrate 
the percentages of identified specimens (Class) versus unidentified specimens (UNID).  The 
unidentified specimens were not included in the following analyses. 
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Figure 4.1: Taxonomic Class vs UNID NISP (N=18,172) 
 
Figure 4.2: Taxonomic Class vs UNID Weight (g) (N=6971.49) 
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Class UNID
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Composition by Taxonomic Class 
Figure 4.3 illustrates the distribution of the NISP of the sample of faunal remains at Rio 
Chico by taxonomic class. The number of remains identified to class consists of a total NISP 
(Number of Identified Specimens) of 17,941 bones. Of the 17,941 bones, 16,882 were identified 
to the class level of fish, 980 to the class level of mammal, 57 to the class level of bird, and 22 to 
the combined class levels of reptile and amphibian. The total weight of the faunal remains that 
were identified to taxonomic class is 6749.27 grams. Figure 4.4 illustrates the distribution of the 
weight in grams of faunal remains at Rio Chico by taxonomic class. When comparing the 
distribution using the methods of NISP and weight, it appears that mammal represents a smaller 
proportion of the sample using NISP and a larger proportion using weight.   
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Figure 4.3: NISP per Taxonomic Class (N= 17,941) 
 
 
Figure 4.4: Weight (g) per Taxonomic Class (N= 6749.27) 
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The overall pattern for both bone weight and NISP shows a heavy reliance on fish over 
other resources. Due to the identifiability of fish fragments, it is not surprising that the NISP 
shows an even higher importance of fish than does weight.  This analysis shows that fish were 
very important to the diet of inhabitants of Rio Chico.  Mammal was utilized to a much lesser 
degree.  Bird, reptile and amphibian appear to have had little overall importance.  
Having provided an overview of the faunal assemblage sample at Rio Chico as a whole, I 
will now provide a chronological examination of three subsets of the total sample.  These subsets 
were chosen as a representation of the earliest, middle, and latest time periods to provide data on 
how subsistence practices at Rio Chico changed over time.   
Faunal Assemblage by Time Period 
 Three sample subsets were chosen. These represent the oldest known occupation at Rio 
Chico during the Early Formative Period, the mid-level occupation during the Middle to Late 
Formative, and the latest prehistoric occupation during the Integration Period.  Due to the lack of 
strong representation of particular phases of the middle period at the site and ambiguity in the 
informes, I have labeled this simply as Middle/Late Formative.  Guangala was not well-
represented in my sample and the sample size did not warrant a separate time designation for 
Regional Diversification; any level interpreted as Guangala in the site records was not included 
in the temporal analysis. Table 4.1 lists the three subsets by period, culture, approximate dates, 
and provides the sample size by NISP and weight analyzed per time period.  First, I will present 
the NISP and bone weight data for each of the three time periods, followed by my interpretive 
hypotheses based on comparisons between the time periods. 
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Table 4.1: Sample subset with Phases, Cultures, Approximate Dates, NISP, and Weight 
Period Cultures 
Represented 
Time Period  
(Approximate) 
NISP Weight 
Integration Manteño 500 to 1532 CE 8965 2821.9g 
Middle/Late Formative  Machalilla 
Chorerra/Engoroy 
1500 to 300 BCE 2748 999.06g 
Early Formative Valdivia 3500 to 1500 BCE 3224 1495.64 
 
Early Formative Period 
Figure 4.5 illustrates the distribution of NISP by taxonomic class identified as belonging 
to the Early Formative Period. The sample representing the Early Formative Period includes a 
total NISP of 3224 bones.  Of these, 3153 (98%) were identified as fish, 59 (2%) as mammal, 10 
(<1%) as bird, and 2 (<1%) as reptile/amphibian. Figure 4.6 illustrates the distribution of weight 
by taxonomic class identified as belonging to the Early Formative Period. The sample 
representing the Early Formative Period includes a total weight of 1495.64 grams.  Of this total 
weight, 1393.66 grams (93%) was identified as fish, 98.25 grams (7%) as mammal, 3.67 grams 
(<1%) as bird, and 0.06 grams (<1%) as reptile/amphibian.  Fish contributes over 90% by both 
NISP and weight.  
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Figure 4.5: Early Formative Period NISP per Taxonomic Class (N=3224) 
 
 
 
 
 
 
Figure 4.6: Early Formative Period Weight (g) per Taxonomic Class (N=1495.64 g) 
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Middle/Late Formative 
Figure 4.7 illustrates the distribution of NISP by taxonomic class identified as belonging 
to the Middle/Late Formative Period. The sample includes a total NISP of 2748 bones.  Of these, 
2648 (96%) were identified as fish, 96 (4%) as mammal, 2 (<1%) as bird, and 2 (<1%) as 
reptile/amphibian. Figure 4.8 illustrates the distribution of weight by taxonomic class. The 
sample includes a total weight of 999.06 grams.  Of this total weight, 883.41 grams (88%) was 
identified as fish, 115.1 grams (12%) as mammal, 0.34 grams (<1%) as bird, and 0.21 grams 
(<1%) as reptile/amphibian. When looking at both NISP and bone weight, fish is clearly the 
dominant vertebrate resource. 
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Figure 4.7: Middle/Late Formative Period NISP per Taxonomic Class (N=2748) 
 
 
 
Figure 4.8: Middle/Late Formative Period Weight (g) per Taxonomic Class (N=999.06 g) 
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Integration Period 
Figure 4.9 illustrates the distribution of NISP by taxonomic class identified as belonging 
to the Integration Period. The sample representing the Integration Period includes a total NISP of 
8965 bones.  Of these, 8522 (95%) were identified as fish, 400 (5%) as mammal, 32 (<1%) as 
bird, and 11 (<1%) as reptile/amphibian.  Figure 4.10 illustrates the distribution of weight by 
taxonomic class identified as belonging to the Integration Period. The sample representing the 
Integration Period includes a total weight of 2821.90 grams.  Of this total weight, 2566.81 grams 
(91%) was identified as fish, 233.82 grams (8%) as mammal, 16.64 grams (1%) as bird, and 4.63 
grams (<1%) as reptile/amphibian.  Fish represents over 90% by both NISP and weight. 
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Figure 4.9: Integration Period NISP per Taxonomic Class (N=8965) 
 
 
 
 
Figure 4.10: Integration Period Weight (g) per Taxonomic Class (N=2821.90 g) 
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All three periods show a clear preference for fish versus mammal in both NISP and bone 
weight measurements.  Both the Early Formative and the Integration Periods show a relatively 
consistent pattern of fish to mammal, when looking at NISP and bone weight.  The Middle/Late 
Formative, on the other hand, shows a small but potentially meaningful increase in the relative 
importance of mammal when compared to the other periods.   
Bird, reptile and amphibian make up only 79 of the 17,941 (0.4%) and 39.43 grams of 
6749.26 grams (0.6%) of bone weight for the identified specimens. Bird and reptile/amphibian 
are not well-represented in any of the phases; therefore, it can be argued that they were not key 
to subsistence practices at Rio Chico at any time during its long occupation. Clearly, fish and 
mammal are the key resources utilized at Rio Chico and the impact of bird, reptile and 
amphibian are not meaningful in the scope of this analysis.   
A Singly Ordered Non-Symmetric Correspondence Analysis (SONSCA) to determine the 
significance of the variation based on time periods (1st dimension) and range of variation of taxa 
(2nd dimension) showed that there is no variation on the second dimension.  Therefore, it is 
possible to explain all of the variation in the sample in the first dimension.  Using the technique 
applied in Lombardo et al. (2011) using in which numbers are arbitrarily assigned to each time 
period and then are used to create orthogonal polynomials, a plot of the first dimension shows 
that fish tends toward the earlier time periods (EF and LF) and mammal tends toward the later 
time period (IN) (Figure 4.11).   
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Figure 4.11: Plot of Singly Ordered Non-Symmetric Correspondence Analysis (SONSCA 
 
This suggests that fish was more important in the Early Formative Period relative to the 
other taxa, while mammals gained importance by the Integration Period.  While the result is 
statistically significant, it is probably due to the large sample size.  It is unclear if there is a real-
world significance as the entire site has not yet been analyzed. For the purpose of a chronological 
comparison of vertebrate resources at Rio Chico, I will now focus solely on the two key 
resources of fish and mammal.  
 
Chronological Changes in the Relative Abundance of Fish 
As previously stated in Chapter 3, indexing the relationship between just two types of 
resources (in this case, fish and mammal) is an appropriate zooarchaeological technique to track 
the relative importance of key taxa over time. Due to the high level of fragmentation of the fish 
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remains at Rio Chico, I will present the both the NISP and weight values, but will rely on weight 
as the basis for my interpretations. Because both NISP and bone weight show the same overall 
trend in fish vs. mammal, bone weight is less susceptible to fragmentation issues between taxa, 
and because of the overwhelming presence of fish versus mammal at the site in general, I am 
secure in making basic interpretations about the sample assemblages using bone weight.   
Table 4.2 lists the NISP values for all three periods along with the percent contribution 
for each taxon. Using the raw NISP and weight data, it appears that fish was the most important 
component of diet in all occupation phases at Rio Chico.  The importance of fish over mammal is 
similar for each time period using NISP, with the Early Formative showing the highest 
percentage of fish over mammal.  
Table 4.2: Relative Abundance of Fish vs. Mammal by NISP (N=14,878) and Percent 
Contribution 
Period Fish Mammal 
Integration Phase 8522 95.5% 400 4.5% 
Middle/Late Formative  2648 96.5% 96 3.5% 
Early Formative  3153 98.2% 59 1.8% 
 
The sample sizes for each time period are not equal; therefore, it is important to view the 
data proportionally within each time period. Table 4.3 lists the raw weight sample sizes of fish 
and mammal per time period.  The difference in sample size is apparent when using the raw 
weight data, so a percent contribution per time period is appropriate to further clarify the 
proportional relationship between fish and mammal within each time period.  Figure 4.12 
illustrates the chronological analysis of fish and mammal by time period using percentages of 
bone weight of each class within each phase.  The Early Formative Period assemblage consists of 
93.4% fish and 6.6% mammal using weight. The Middle/Late Formative Period assemblage 
consists of 88.5% fish and 11.5% mammal using weight.  The Integration Period assemblage 
consists of 91.7% fish and 8.3% mammal using weight.   
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Table 4.3: Sample size of fish and mammal weights per time period 
Period Fish Mammal 
Integration Phase 2566.81 91.7% 233.82 8.3% 
Middle/Late Formative  883.41 88.5% 115.10 11.5% 
Early Formative  1393.66 93.4% 98.25 6.6% 
 
 
 
 
Figure 4.12: Chronological Analysis of Percent Contribution of Fish vs. Mammal by Weight (N= 
5291.05 g) 
 
 
When viewing relative abundance by weight of fish vs. mammal proportionally within 
each time period, a clear pattern emerges for the Early Formative Period and the Integration 
Period.  The importance of fish over mammal remains constant and always greater than 85%.  
Due to the limited sample available and the uncertainty of the time assignment for the 
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Middle/Late Formative Period, it is unclear if the slight increase of importance of mammal then 
is a result of sampling error, small sample size, limited occupation during this phase, or an actual 
shift in cultural behavior.   
My analysis of this subset of faunal remains from Rio Chico shows that the basic overall 
pattern of the importance of fish over mammal remained fairly constant over time with a slight 
variation occurring during the Middle/Late Formative in the form of a possible shift to an 
increased use of mammal.   
Thus far my analysis combines materials from different contexts at the site to provide 
site-wide or time-period associated perspectives on vertebrate use.  In an attempt to refine this to 
a meaningful type of context – areas of concentrated fish specimens that are associated with 
living floors or hearths – I will now shift my focus to two temporally distinct contexts of that 
type.  Using site records, I identified a set of three living floors from the earliest (Valdivia) 
occupation and a large potential workshop area from the latest (Manteño) occupation. In the 
Valdivia sample the midden comes from the deposit the floors sit atop. The two samples should 
thus be viewed as a rough approximation of a broad temporal contrast in faunal remains 
associated with cooking/eating areas.  Combined, they represent slightly more than a third of 
total NISP analyzed for the site. 
 
Comparative Analysis of Valdivia and Manteño Communal Food Spaces 
 During the 1998 and 1999 FAU field school excavations of Sector C at Rio Chico, the 
oldest known occupation of the site was determined to be a midden dating to the early Valdivia 
Phase. The midden was 57cm thick and a living floor was directly above it.  In addition to the 
living floor above the midden, two other living floors were identified nearby in this stratum and 
were determined to be contemporaneous. Directly above the living floors were two sterile layers, 
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defined in the informe as an alluvial deposit followed by a colluvial deposit.  Both types of 
geological deposits are fluvial in nature (with the exception of steep slopes resulting in 
downward creep of colluvium) and could potentially be the result of a single or multiple flooding 
events and/or catastrophic rains resulting in landslides.  
In the 1999 field season a “living floor/cooking area or fish dumping ground” (Feature 
5A) was excavated and determined to be from the Integration Period.  Martínez (2006) defined it 
as large platform structure, that may have served as a Spondylus workshop. I have conducted this 
analysis in order to provide a trial hypothesis with the available data. The following analysis of 
communal cooking/eating areas at Rio Chico comes with the caveat that these designations are 
imperfect and somewhat limited by some ambiguity within the informes, which were my main 
source in making these determinations.  My intent is to provide a preliminary analysis of 
meaningful human behavior at the site, in the form of designated cooking/eating spaces. Future 
research with the full site records will further refine or refute these designations. 
Table 4.4 presents the NISP and weight values for fish and mammal from the two 
communal samples. Due to the high fragmentation of fish remains, I will use bone weight rather 
than NISP for my interpretation of the communal food areas at the site. Figure 4.13 illustrates the 
percent contribution of fish versus mammal for the two communal areas using bone weight. The 
same pattern emerges for the communal spaces as the overall chronological site pattern for the 
two phases.  There is virtually no difference in Early Formative Period (Valdivia) at 93% overall 
versus 94% in the domestic areas and a greater difference in percent contribution during the 
Integration Period (Manteño) at 92% overall versus 98% in the domestic areas. It appears that 
resources utilized at the site during the earliest and occupation remained consistent site-wide 
with no arguable change in manner of deposition.  This does not hold true for the Manteño 
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occupation.  There is a slight increase in importance of fish in the workshop versus the site-wide 
pattern.  
 
Table 4.4: NISP and Weight of Fish and Mammal Remains from Communal Food Areas in the 
Manteño and Valdivia Phases 
PHASE FISH MAMMAL 
NISP Weight (g) NISP Weight (g) 
Manteño 3882 973.91 66 15.03 
Valdivia 2147 964.59 42 62.66 
 
 
  
Figure 4.13: Percent Contribution of Fish vs. Mammal by Weight (g) Early Formative and 
Integration Communal Food Areas (Early Formative N=1027.25g, Integration N=988.94g) 
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A Closer Look at Fish 
Family-level Identifications  
According to the previous analyses, fish is the dominant resource utilized at Rio Chico. In 
order to better understand this important resource, it is necessary to zoom in on fish at a deeper 
level to hypothesize more specifically about prehistoric life at the site. I identified a subset of my 
sample to the family-level by selecting contexts based on chronology, the security of time 
assignment within the context, bone preservation, and the potential for identification beyond 
taxonomic class. I anticipated some bias toward certain family identifications due to my limited 
ID skills at the time of identification, the level of difficulty in identifying certain elements and 
the ease in identifying others, and the large number of species represented in the comparative 
collection. I would not argue that my data is statistically representative of the site as a whole or 
even the contexts utilized; however, it provides a starting point for discussion of some of the fish 
known to be utilized.  Future research will include a more representative sample at the family-
level.   
Table 4.5 documents the identified taxonomic families by weight and NISP.  Figure 4.14 
illustrates the identified families by NISP and weight in order to provide a visual interpretation 
of potential preferences at the site.  All of the identifications were classified as Osteichthyes with 
the exception of one specimen identified as Chondrichthyes. Families with less than 1% 
representation were combined into the category of “Other” and includes Ariidae, Balistidae, 
Centropomidae, Shynnidae, Clupeidae, Corphanidae, Nemostidae, Polynemidae cf., and 
Uranoscopidae. 
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Table 4.5: Family identification weight and NISP 
Family Weight (g) NISP 
Ariidae 0.74 3 
Balistidae 1.76 2 
Carangidae 248.75 127 
Centropomidae 2.2 1 
Shynnidae (Chondrichthyes) 0.88 1 
Clupeidae 0.01 1 
Corphanidae 0.94 1 
Haemulidae cf 4.5 13 
Labridae 23.87 10 
Lutjanidae 11.67 8 
Nemostidae 1.22 1 
Polynemidae cf. 0.02 1 
Scombridae 223.98 321 
Serranidae 48.37 15 
Sparidae 13.5 9 
Uranoscopidae 0.61 1 
Total Identified to Family 583.02 515 
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Figure 4.14: Family-level Identification by NISP and Weight (g) 
 
The above analysis shows a potential preference for the families Scombridae and 
Carangidae.  Both the Scombridae (tunas and mackerels) and Carangidae (pompanos and jacks) 
families include species that swim in large schools in pelagic waters.   Some species of 
Carangidae are also known to inhabit brackish water.  Haemulidae, Labridae, Lutjanidae, 
Serranidae and Sparidae were identified in the assemblage but do not, at this preliminary stage of 
analysis, appear to be heavily utilized at the site using the data collected at this time. Next, I will 
provide the species-level identifications in order to provide a limited discussion on potential 
fishing strategies utilized at Rio Chico.  
Species-level Identifications  
Table 4.6 documents the identified taxonomic species by weight and NISP and includes 
the family-level identifications that could not be taken to a lower taxonomic level in separate 
rows.  Clearly, Carangidae and Scombridae stand out both for their identifiability and their 
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presence at the site. Figures 4.15 and 4.16 illustrate the prevalence of each species identified for 
the families of Scombridae and Carangidae. 
 
Table 4.6: Species-level Identification Weight (g) and NISP 
Family Genus Species Weight (g) NISP 
Carangidae Caranx caninus 147.58 52 
Carangidae Selene peruviana 0.44 1 
Carangidae   100.73 74 
Scombridae Euthynnus lineatus 82.65 122 
Scombridae Katsuwonus pelamis 25.37 50 
Scombridae Thunnus albacares 63.73 72 
Scombridae   52.23 77 
Centropomidae Centropomus nigrensis 2.2 1 
Sphyrnidae Sphyrna zygaena 0.88 1 
Coryphaenidae Coryphaena hippurus 0.94 1 
Labridae Bodianus diplotaenia 15.28 6 
Labridae   8.59 4 
Lutjanidae Lutjanus  6.44 1 
Lutjanidae   5.23 7 
Sparidae Calamus brachysomus 7.95 3 
Sparidae   5.55 6 
Uranoscopidae Astroscopus zephyreus 0.61 1 
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Figure 4.15: Scombridae Species by Weight (g) and NISP 
 
 
 
 
 
Figure 4.16: Carangidae Species by Weight (g) and NISP 
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The order of abundance of identified species in the family of Scombridae is Euthynnus 
lineatus (black skipjack), Thunnus albacares (yellowfin tuna), and Katsuwonis pelamis (skipjack 
tuna).  These three species school together offshore in surface waters, so it is unsurprising that 
they are found together in the archaeological record at Rio Chico.  The most abundant species of 
Carangidae to be identified is Caranx caninus (Pacific crevalle jack), which are found in both 
oceanic and coastal waters.  Caranx caninus inhabits shallow coastal waters, estuaries, and may 
even enter rivers.  This species is also a schooling fish; though larger adults may become 
solitary.   
Clearly, the inhabitants of Rio Chico were utilizing marine, estuarine, and potentially 
riverine environments as represented by the species identified. A larger more comprehensive 
sample and continued identification and analysis at the species-level may support or change 
these findings.  I will now provide a chronological analysis of the identified species as they are 
represented in the three time periods I have previously analyzed.  
 Chronological Analysis of Family and Species Level Fish Identifications 
 In keeping with my research questions about the stability or changes over time in fish 
resources at Rio Chico, I have taken these higher-level fish identifications and placed them 
within the three time designations in order to take a closer look at potential temporal shifts.  
Table 4.7 shows the chronological distribution of the specimens that were identified to family 
and species levels. Table 4.8 shows a breakdown of species identifications for the Early 
Formative, Middle/Late Formative, and Integration time periods. 
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Table 4.7: Chronological Distribution of Species-level Identification Weight (g) and NISP 
Time Period Total IDs Family-level IDs Species-level IDs UNID 
NISP Weight NISP Weight NISP Weight NISP Weight 
Integration 507 197.69g 58 43.03g 85 63.14g 364 91.52g 
Middle/Late 
Formative 
694 296.52g 92 48.71g 158 107.32g 444 140.49g 
Early 
Formative 
1068 555.85g 53 135.28g 61 168.5g 954 252.07g 
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Table 4.8: Chronological Distribution of Species Identifications 
Family Species Early Formative Middle/Late 
Formative 
Integration 
Weight 
(g) 
 
NISP Weight 
(g)  
 
NISP Weight 
(g) 
 
NISP 
Ariidae  --- --- --- --- 0.74 3 
Balistidae  0.21 1 --- --- 1.55 1 
Carangidae Caranx 
caninus 
132.31 43 9.8 5 0.87 1 
Carangidae Selene 
peruviana 
--- --- 0.44 1 13.16 20 
Carangidae  74.85 30 12.72 24 --- --- 
Centropomidae Centropomis 
nigrescens 
2.2 1 --- --- --- --- 
Clupeidae  --- --- --- --- 0.001 1 
Corphanidae Corphaenae 
hippurus 
--- --- 0.94 1   
Haemulidae  1.77 7 1.6 2 1.13 4 
Labridae Bodianus 
diplotaenia 
15.02 5 0.26 1 --- --- 
Labridae  5.26 3 --- --- 3.33 1 
Lutjanidae Lutjanus sp. 6.44 1 4.46 6 --- --- 
Lutjanidae  --- --- --- --- 0.77 1 
Nemostidae  --- --- 1.22 1 --- --- 
Polynemidae   0.02 1 --- --- --- --- 
Scombridae Euthynnus 
lineatus 
0.79 2 38.27 71 33.08 45 
Scombridae Katsuwonus 
pelamis 
2.61 5 19.38 37 3.38 8 
Scombridae Thunnus 
albacores 
7.04 3 31.49 39 25.2 30 
Scombridae  14.01 4 25.72 55 12.5 18 
Serranidae  38.58 6 2.54 3 7.25 6 
Shynnidae Shyrna 
zygaema 
--- --- 0.88 1 --- --- 
Sparidae Calamus 
brachysomus 
2.09 1 5.86 2 --- --- 
Sparidae  0.58 1 0.45 1 2.6 3 
Uranoscopidae Astroscupus 
zephyreus 
--- --- --- --- 0.61 1 
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Having shown the distribution of species for each time period, I will now compare the 
identified families and species chronologically by percent contribution per time period.  Figure 
4.17 illustrates the chronological analysis of percent contribution of the remains identified to the 
family-level by weight. The families Ariidae, Centropomidae, Shynnidae, Clupedae, 
Corphanidae, Nemostidae, Polynemidae, and Uranoscopidae contributed less than 1% of the 
resources for each time period and so were excluded from the following chronological analysis 
of percent contribution. 
 
Figure 4.17: Chronological Analysis of Percent Contribution of Identified Taxonomic Families 
by Weight (g) 
Carangidae clearly dominates in the Early Formative, while Scombridae is dominant in 
the Middle/Late Formative and Integration. In order to better understand what potential factors 
may be contributing to this pattern, I will now zoom in to view the chronological distribution of 
the species level identifications. Figure 4.18 illustrates the chronological analysis of percent 
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contribution at the species level using weight.  Selene peruviana, Corphaenae hippurus, 
Astroscupus zephyreus, and Shyrna zygaema contributed less than 1% of the resources for each 
time period and so were excluded from the following chronological analysis of percent 
contribution. 
 
 
Figure 4.18: Chronological Analysis of Percent Contribution of Identified Taxonomic Species by 
Weight (g) 
 
Caranx caninus (Pacific crevalle jack) clearly dominates in the Early Formative, while 
the Scombridae species, Euthynnus lineatus (black skipjack), Thunnus albacares (yellowfin 
tuna), and Katsuwonis pelamis (skipjack tuna) in order of abundance, compose almost the entire 
sample for the Middle/Late Formative and Integration phases.  Though Caranx caninus is the 
dominant fish in the Early Formative, there is a greater variety of species represented in the 
sample of the Early Formative than the later phases, suggesting that the earlier site occupants 
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might have utilized a variety of techniques and exploited multiple habitats within their range. 
Another possible explanation for the change in resource usage is the development of watercraft 
technology that allowed the later inhabitants to exploit resources further offshore. 
To explore these hypotheses, I will now provide a brief chronological analysis of the 
identified Scombridae and Carangidae species in the context of their habitat and potential fishing 
strategies utilized in the prehistoric past on the central coast of Ecuador. 
Chronological Analysis of Potential Fishing Strategies Utilized 
Table 4.9 lists the most abundant species that dominate the sample from Rio Chico along 
with the common name, habitat, behavior, and potential prehistoric fishing strategies. There is a 
striking difference when looking at habitat for Caranx caninus (Pacific crevalle jack), the most 
abundant species identified for the Early Formative, and the three most abundant species, 
identified in the Middle/Late Formative and Integration time periods, Euthynnus lineatus (black 
skipjack tuna), Thunnus albacares (yellowfin tuna), and Katsuwonis pelamis (skipjack tuna).  It 
appears that the Early Formative inhabitants were exploiting inshore and estuary resources, while 
later occupants of the site developed watercraft and fishing technology that allowed them to 
travel offshore to fish.  I will explore this hypothesis in greater detail in the following chapter. 
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Table 4.9: Habitat and fishing strategies for most abundant identified species (from fishbase.org 
and Smithsonian Tropical Research Institute) 
Genus + 
Species 
Common 
Name 
Habitat Behavior Modern-Day 
Fishing 
Strategies 
Euthynnus 
lineatus 
 
black 
skipjack 
tuna 
Offshore only 
Marine; pelagic-oceanic; 
oceanodromous 
Its larvae are more frequently 
encountered at temperatures above 
26°C and are practically confined to 
waters within about 240 miles off the 
mainland. Inhabits near the surface of 
coastal waters and offshore waters  
 depth range 0 - 40 m  
Tropical; most common in surface 
waters above 26°C 
39°N - 16°S, 128°W - 77°W 
Form multi-species 
schools with 
Thunnus albacares 
and Katsuwonus 
pelamis.  
 
Encircling nets 
by boat 
 
Hook and line by 
boat 
 
Thunnus 
albacares 
yellowfin 
tuna 
Offshore only 
Marine; brackish; pelagic-oceanic; 
oceanodromous 
Depth range 1-250m (usually 1-100m) 
Tropical; 15°C - 31°C 
59°N - 48°S, 180°W - 180°E  
Schools by size 
 
Encircling nets 
by boat 
 
Hook and line by 
boat 
(smaller 
specimens) 
Katsuwonis 
pelamis 
skipjack 
tuna 
Offshore only 
Pelagic-oceanic 
Depth range 0-260m 
Tropical 
15°C - 30°C  
63°N - 47°S, 180°W - 180°E  
Exhibit a strong 
tendency to school 
in surface waters 
with birds, drifting 
objects, sharks, 
whales and may 
show a 
characteristic 
behavior like 
jumping, feeding, 
foaming, etc.  
Encircling nets 
by boat 
 
Hook and line by 
boat 
 
Caranx 
caninus 
Pacific 
crevalle 
jack 
Inshore only 
Marine 
brackish 
pelagic-oceanic 
oceanodromous  
depth range 1-350 m 
Subtropical 
33°N - 7°S, 119°W - 76°W  
 
Adults occur in 
oceanic and coastal 
waters, commonly 
found in shallow 
water, with larger 
individuals up to 
350 m depth Also 
found in brackish 
water and 
occasionally ascend 
rivers They form 
medium-sized to 
big schools, but 
large adults may be 
solitary  
Juveniles are often 
found in river 
estuaries  
Hook and line 
from shore and 
estuaries 
 
Encircling nets 
from shore and 
estuaries 
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Summary 
  In summary, my results show that there is a clear pattern in the site-wide relative 
abundance of vertebrate taxa.  Fish is the dominant class, followed distantly by mammals. Birds 
and reptiles/amphibians, while present at the site, represent a small minority of vertebrate 
remains.  This pattern remains consistent when looking at change over time.  Fish contributes 
between 88 to 93% of the total remains in the three time periods as measured by bone weight.  
Preliminary identifications of a subsample of fish remains suggest that two taxonomic families 
are especially important: Scombridae and Carangidae.  Within these two families of fish, four 
species were repeatedly identified: Caranx caninus, Euthynnus lineatus, Thunnus albacares and 
Katsuwonis pelamis.  There is also an intriguing temporal pattern in fish species that may 
represent a shift in fishing technique between the Early and Middle/Late Formative. The 
dominant fish species in the Early Formative subset, Pacific crevalle jack (Caranx caninus), is an 
inshore and brackish water schooling fish that is most likely caught by encircling nets or hook 
from shore or in estuaries. The dominant fish species in the Middle/Late Formative and 
Integration subsets, black skipjack (Euthynnus lineatus) and yellowfin yuna (Thunnus 
albacares), are offshore schooling fishing that often school together.  These species are most 
likely caught using nets or harpoons from a boat.  This change in dominant species suggests a 
change in fishing strategies over time at Rio Chico.   
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CHAPTER 5: DISCUSSION AND CONCLUSIONS 
  Having presented the results, I now return to my starting questions. First, how important 
were fish to the diet and did this change over time? Second, which families and species of fish 
dominate and did this change or remain stable over time?  Third, what fishing strategies are 
represented by the dominant species and does this change over time? Finally, if multiple fishing 
strategies appear likely, what is the dominant strategy over time (if any)?   
Overall Importance of Fish and Change over Time 
Summary of Current Results 
  To answer the first question, I reported the total sample results by the NISP and bone 
weight for each taxonomic class to determine the overall relative importance of fish versus all 
other classes of faunal remains. Fish is the dominant class by both NISP and bone weight 
(>80%) followed by mammal. Bird, reptile and amphibian make very minor contributions 
(<1%). Due to high fragmentation of fish, I continued my analyses using weight as my primary 
means of interpretation.  I analyzed the faunal assemblage by three time-period designations 
(Early Formative, Middle/Late Formative, Integration) focusing on the balance between fish and 
mammal. Fish remained the dominant class of faunal remains for all three time periods (Table 
5.1). This remained true when I restricted my analysis to two archaeologically defined living 
surfaces and their associated midden and hearth debris. I compared Early Formative Period 
Valdivia floors and a midden with an Integration Period Manteño communal workshop area and 
noted the remarkable consistency with fish contributing 98% and 97% respectively.   
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Table 5.1: Fish and Mammal Weight Percentages by Time Period 
Time Period Dates % Fish % Mammal Total Weight (g) Total NISP 
Integration 500 to 1532 CE 91.7 8.3 2821.9 8965 
Middle/Late Formative 1500 to 300 BCE 88.5 11.5 999.06 2732 
Early Formative 3500 to 1500 BCE 93.4 6.6 1495.64 3153 
 
Interpretations 
  I will now discuss potential interpretations for Middle/Late Formative increased 
importance of mammal (11.5%).  One hypothesis for an increased reliance on mammal during 
the Middle/Late Formative is a shift in availability of desired fish species due to potential 
catastrophic weather events, such as an extreme ENSO event bringing heavy rains and flooding, 
forced inhabitants to rely more on hunting as a means of fulfilling dietary requirements.  There is 
evidence of a major colluvium event, possibly related to ENSO, that is found mid-level in the 
archaeological record at Rio Chico between the Early Formative and Integration occupations. It 
should be noted however, that alluvial deposits caused by the gradual meandering rivers are also 
common in this region.  Fluvial action was recorded in the informes as both “alluvial” and 
“colluvial” layers (though it is not clear if layers labeled as “colluvial” were interpreted as the 
result of fluvial action or the result of downward creep).  Further investigation of the field 
records may allow for a refinement of this hypothesis.  A second hypothesis is that terrestrial 
resources became easier to acquire as trade routes became more firmly established between the 
coast and the highlands.  
  A larger sample size and closer scrutiny of species found within the Middle/Late 
Formative compared to the Early Formative and Integration Period could provide some clues to 
support or refute these hypotheses.  Regardless of the cause, the potential minor shift to an 
 85 
increased reliance on mammal during the Middle/Late Formative is not necessarily meaningful 
when considering the overwhelming presence of fish during this period.   
Comparison with Prior Faunal Analysis at Rio Chico 
  Patrick Gay (2001) conducted a faunal analysis of a small sample of vertebrate remains 
from Sector B at Rio Chico. Gay determined that fish was the dominant resource (75% of the 
total NISP) represented in his sample NISP of 672 vertebrate remains.  Mammal was second in 
order of importance (24.6% of the total NISP). Though the analysis shows a greater overall 
importance of mammal in Sector B to my sample from Sectors A and C (6% of NISP), the 
importance of fish as the dominant resource at the site remains clear.  Gay (2001) provides a 
breakdown of NISP percent contribution per taxa for each time period (Table 5.2).  
Table 5.2: Faunal Analysis of Sector B by Patrick Gay (2001) 
Occupation Phase Fish Mammal Bird Reptile/Amphibian NISP 
Manteño-Guangala 149 (93.13%) 10 (6.25%) 1 (0.62%) 0 (0%) 160 
Guangala 15 (65.22%) 8 (35.78%) 0 (0%) 0 (0%) 23 
Chorrera-Bahia 46 (86.79%) 6 (11.32%) 0 (0%) 1 (1.89%) 53 
Valdivia 294 (67.43%) 141 (32.34%) 0 (0%) 1 (0.23%) 436 
Total 504  165  1  2  672 
 
Interestingly, these do not appear to correlate with my findings, showing less consistency 
over time and notably less fish in the Valdivia phase. There are several possible hypotheses for 
the lack of similarity between Gay’s sample and mine. First, Gay’s sample size is smaller. 
Second, his sample comes from a different area of the site. It is possible that the area excavated 
in Sector B had a greater number of mammal bones because of the way that space was used in 
Valdivia times. The remains from Valdivia component, the only temporal component with over 
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100 mammal remains, consisted almost entirely of undifferentiated mammal bone. Only three 
elements were identified more specifically, two white-tail deer (Odocoileus virginianus) 
specimens and one incisor from the family Canidae.   
Although only deer and dog have been identified to date, future research may contribute 
more species IDs.  Local ecology suggests that the following species are among those we might 
expect: terrestrial mammals - lowland paca (Cuniculus paca), Sechuran fox (Lycalopex 
sechurae), mantled howler monkey (Alouatta palliata) Ecuadorian white-fronted capuchin 
(Cebus aequatorialis), red brocket (Mazama americana),white-tailed deer (Odocoileus 
virginianus), northern naked-tailed armadillo (Cabassous centralis), nine-banded armadillo 
(Dasypus novemcinctus), Central American agouti (Dasyprocta punctata), Derby’s woolly 
opossum (Caluromys derbianus), common opossum (Didelphis marsupialis), marmosa 
(Marmosa sp.), porcupine (Coendou sp.),ocelot (Leopardus pardalis), margay (Leopardus 
wiedii), tigrillo (Leopardus tigrinus), jaguar (Panthera onca), jaguarundi (Puma yagouaroundi), 
tapeti (Sylvilagus brasiliensis), Hoffmann’s two-toed sloth (Choloepus hoffmanni), tayra (Eira 
Barbara), northern tamandua (Tamandua mexicana), white-nosed coati (Nasua narica), kinkajou 
(Potos flavus), crab-eating raccoon (Procyon cancrivorus), red-tailed squirrel (Notosciurus 
granatensis), Guayaquil squirrel (Simosciurus stramineus), collared peccary (Pecari tajacu), 
white-lipped Peccary (Tayassu pecari), possible key domesticates – llama and alpaca (Lama 
glama, Vicugna pacos), dog (Canis familiaris) and guinea pig (Cavia porcellus), and marine 
mammals - hump-backed whale (Megaptera novaeangliae), and sea 1ion (Zalophus 
califomianus)  (Cervera et al. 2016: 4; Sánchez-Mosquera 2010: 69-71; O’Hern et al. 2010; 
Lunniss 2001: 40 ).  
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More data from Sector B would be needed to conduct a meaningful comparison.  As no 
study of botanical remains has been conducted for Rio Chico at this time, I cannot address the 
role of plant resources.  As a generalized coastal pattern, it is clear that fish was the most 
important animal resource utilized in varying degrees from the earliest to the latest occupations.  
Fish Families and Species and Fishing Strategies over Time 
Summary of Current Results 
  To answer the other three questions, I examined a further subset of fish remains identified 
to taxonomic family and species. Scombridae is the dominant family represented, followed by 
Carangidae. The dominant species are Euthynnus lineatus (black skipjack), Caranx caninus 
(Pacific crevalle jack), Thunnus albacares (yellowfin tuna), and Katsuwonis pelamis (skipjack 
tuna). There is an interesting shift chronologically.  Carangidae was the dominant family in the 
Early Formative sample and Scombridae was dominant in Middle/Late Formative and 
Integration samples (Table 5.3).  Caranx caninus (Pacific crevalle jack) was the dominant 
species in the Early Formative sample.  Euthynnus lineatus (black skipjack) followed by 
Thunnus albacares (yellowfin tuna) were the dominant species in both the Middle/Late 
Formative and Integration samples.  These shifts, when viewed through the filter of fish habitat, 
suggest a change from an emphasis on nearshore and estuarine fishing in the Early Formative to 
an emphasis on off-shore fishing from the Middle/Late Formative onwards. 
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Table 5.3: Scombridae and Carangidae IDs 
Time Period Dates Scombridae Carangidae 
 
Wt. g. Family
ID % 
Wt. g. Family 
ID % 
Integration 500 to 1532 CE 41.08 70.75 14.03 13.38 
Middle/Late Formative 1500 to 300 BCE 114.86 75.08 22.96 15.01 
Early Formative 3500 to 1500 BCE 24.45 8.11 207.16 67.7 
 
Next, I reported the habitats and most likely fishing strategy for each of the above 
dominant species for the species identification subset.  The dominant fish species in the Early 
Formative sample, Pacific crevalle jack, is an inshore and brackish water schooling fish that can 
be caught by hook and line from shore in estuaries. The dominant fish species in the Middle/Late 
Formative and Integration samples, black skipjack and yellowfin tuna, are offshore schooling 
fish that often travel together.  Today these are commonly caught using encircling nets from a 
boat.  It appears from my analysis that there is a change in resource exploitation from the earliest 
occupation of the Rio Chico Site during the Early Formative Period to the Middle/Late 
Formative and Integration Periods.   I will now discuss potential interpretations for this shift in 
faunal resources.  
Interpretations 
The importance of Pacific crevalle jack (Caranx caninus) in the Early Formative could be 
attributed to the technology in use at the time.  The appearance of fish hooks and shell hook lures 
at coastal Valdivia sites suggest a shift in focus from mixed subsistence practices to one more 
reliant on fishing. Hook and line fishing from shore and in estuaries could explain the prevalence 
of the inshore and brackish water Pacific crevalle jack.   
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According to Stahl (2003b: 185) shell hook lures are prevalent at coastal Valdivia sites 
and much of the taxa recorded could potentially have been caught by solitary line and hook 
fishing.  However, he does not rule out other potential fishing methods using cactus spines, plant 
thorns, and cotton lines, as well as community-based fishing techniques, such as “communal haul 
seining” of nearshore schooling fish, a practice that is still used today. He describes the modern-
day technique in this way: “These fishermen hold one end of a long net on the beach while its 
other end is drawn by boat around a school of fish, which is eventually hauled ashore” (Stahl 
2003b: 185).  
It is possible that Valdivia inhabitants were exploiting deeper water and offshore 
ecosystems as well.  Stahl states that “deep water shell diving could easily have been 
supplemented by spearing of reef fishes…spearing or hook-and-line and net fishing could also 
have been undertaken in deeper conditions from watercraft” (2003b: 185).  Net weights made of 
stone are present at Valdivia sites along with offshore, pelagic and deep water fish taxa; though 
Stahl notes that the largest of these, swordfish and tuna, would need a robust line or potentially 
could have been scavenged carcasses that had washed ashore (2003b: 185).  
Indirect evidence of the existence of watercraft technology during the Valdivia phase 
could be suggested by the presence of archaeological artifacts on Isla de la Plata, though it is 
unclear when watercraft technology fully developed in coastal Ecuador. Based on the faunal 
remains in the Early Formative, it does not appear that coastal inhabitants were using boats to 
fish. 
Stahl notes in his overview of zooarchaeology in the Formative Period that Scombridae 
species appear in great quantity and ubiquity at Middle Formative (Machalilla) sites alongside 
bone barbs for harpoon heads, raising the possibility that spearing large fish species from boats 
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came into frequent practice during this time period (2003b: 185).  This correlates with my data 
that Scombridae became the dominant fish family during the Middle/Late Formative occupation 
at Rio Chico.   
During the early Machalilla phase, settlement patterns begin to change. Larger more 
nucleated settlements begin to appear on the coast and the population appears to have abruptly 
increased. Throughout the Machalilla and into the early Engoroy phase there appears to be long 
period of relative stability in the location of coastal settlements. Perhaps this stable occupation of 
nucleated sites on the coast and increasing trade with inland agricultural sites allowed or 
encouraged local inhabitants to develop and refine their watercraft technology.  
The robust trade relationship that appears to be in place by the Late Formative might also 
have played a role in the shift from Pacific crevalle jack to yellowfin tuna and black skipjack. 
Population growth and increasing nucleation on the coast may have led to increasingly 
specialization in trade goods by these communities.  In turn, increasing trade specialization may 
have led to increasing nucleation on the coast.  What is known through the archaeological record 
and historical documents written by the Spanish is that by the Integration Period the coast of 
Ecuador was inhabited by a skilled maritime culture of long-distance Spondylus trade merchants 
who were highly skilled at boat building and ocean navigation. According to historical records, a 
sociopolitical organization called the Señorio de Salangome was in charge of a network of four 
craft production locales, thought to be modern-day Agua Blanca, Machalilla, Salango, and López 
Viejo (Harris et al. 2004: 41; Martín 2010: 41; McEwan 2003: 100). Balsa rafts based out of 
Machalilla were used to carry trade goods up and down the Pacific coast (Figure 5.1).  These 
balsa rafts could be heavily loaded with trade goods, such as Spondylus shells, gold, and silver, 
as evidenced by reports of the Spanish.  
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Figure 5.1: Reproduction of Balsa Rafts used for Trade in Coastal Ecuador (Photo by Author, 
taken at Salango Research Center) 
The development of watercraft technology would allow the site occupants to travel 
further away from shore to gain access to large surface schooling species that could be speared or 
caught with nets. The yellowfin tuna can weigh up to 440 pounds, which might be difficult to 
catch with hook and line, but could have been speared or netted from a boat.  The black skipjack, 
which only weighs up to 39 pounds would have been easier to catch with a hook and line from a 
boat.  Since black skipjacks school with yellowfin tuna, it is conceivable that multiple strategies 
were employed on a single fishing trip.  Though it is unclear when balsa rafts came into common 
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use, it is possible that the development of these large crafts coincided with the shift to 
Scombridae in the Middle to Late Formative.   
Another possible explanation for the change from Pacific crevalle jack to yellowfin tuna 
and black skipjack is the existence of an “inshore crossing point” between Salango Island and the 
mainland, in which schools of these species would come near shore (Béarez and Lunnis 2003: 
27).  Salango Island is just off the north point of the sandy bay upon which Rio Chico was 
situated. This crossing point was exploited by fishermen in Salango until fairly recently and may 
have existed as early as the Late Formative Period Engoroy phase (Béarez and Lunnis 2003: 31). 
If this nearshore crossing point did indeed exist during the Middle/Late Formative, then this 
could explain the increased presence of Scombridae at the site.  Perhaps the development of 
balsa rafts that were sturdy enough to take onboard large numbers of schooling black skipjack, 
skipjack tuna, and yellowfin tuna coincided with the onset of this valuable and unusual inshore 
crossing point. 
Even so, why would coastal inhabitants go to the trouble to leave shore to fish if they had 
a steady supply of the Pacific crevalle jack? Perhaps there was an ecological change that 
interrupted the habitat of the crevalle jack and forced fishermen to go further out to capture fish.  
Another possible explanation is that the developing trade specialization on the coast would have 
called for a surplus of fish protein for trade and to feed shell workers. The yellowfin tuna would 
have provided a high caloric value for the energy investment.  The potential to catch smaller fish 
species that school with yellowfin tuna, such as the black skipjack and skipjack tuna would have 
added to the return. The capture of large schooling fish might have provided an attractive means 
to produce a surplus.  This surplus might have been used to underwrite some of the Spondylus 
craft specialization and support subsistence trade with non-coastal agricultural communities. 
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Up until the 1970’s when boats in the region became motorized, ethnographic research 
shows that fishermen worked collaboratively to exploit schooling fish by placing men on 
Salango Island to spot for schools and communicate to fishermen on boats as to where to 
position themselves for the best catch (V. Martínez personal communication).  This practice 
could have been a continuing fishing strategy from prehistoric times. 
Catching schools of Scombridae species (whether in the inshore crossing between 
Salango Island and the mainland or further offshore within view of Salango Island) would have 
required the use of reliable watercraft. While artifacts on Isla de la Plata suggest coastal people 
had some form of watercraft technology by the Early Formative (Damp and Norton 1987: 116), 
the shift to an emphasis on Scombridae during the subsequent Middle/Late Formative indicates 
that watercraft construction and navigation skills had become sophisticated enough to support 
regular off-shore fishing expeditions.  
Comparisons to Regional Faunal Data 
  When comparing my sample to Gay’s analysis of Sector B, there is a high degree of 
similarity between the dominant fish families and species identified.  Collapsing time, Gay 
(2001) identified Carangidae as the most common family (53.2% of fish NISP) and Scombridae 
as the second most common family (14% of NISP).   The majority of his identified fish came 
from the Valdivia contexts. The dominant species represented in the Valdivia component of 
Sector B was Pacific crevalle jack (Caranx caninus). This is consistent with my findings for 
Sectors A and C.  The specimens representing Gay’s (2001) Chorrera-Bahia component and 
Manteño component were identified primarily at the family level, with Scombridae dominant; 
this is consistent with my analysis for Sectors A and C.   
   Results from Rio Chico can also be compared with those from the nearby coastal site of 
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Salango (Béarez et. al. 2012). The Salango site was excavated between 1979 and 1989 and has 
since been covered by a fish meal factory.  There is evidence at Salango of a continuous 
occupation from Valdivia to the arrival of the Spanish (Béarez et. al. 2012).  Béarez et. al. 
analyzed a total number of 92,322 fish bones (40,855.7g) from the Machalilla (Middle 
Formative) component of the site, of which 31,396 were identified to family (2012: 203). Of 
these, 79.4% were identified as Scombridae and 6.1% were Carangidae (Béarez et. al. 2012: 
203). This result is consistent with my observation that Scombridae and Carangidae were the two 
dominant resources at Rio Chico and that Scombridae became the more important of the two by 
the Middle to Late Formative.  Of the identified species in the Machalilla component at Salango, 
Thunnus albacares (yellowfin tuna) represents 30.65%, Euthynnus lineatus (black skipjack) 
represents 24.30%, and Katsuwonus pelamis (skipjack tuna) represents 12.18% (Béarez et. al. 
2012: 205).  Caranx caninus, on the other hand, represents only 1.45% of the total identified 
species.  
  My sample from the Middle/Late Formative is comparable with Thunnus albacares 
(yellowfin tuna) representing 29.97%, Euthynnus lineatus (black skipjack) representing 36.43%, 
and Katsuwonus pelamis (skipjack tuna) representing 18.45%, and Caranx caninus (Pacific 
crevalle jack) representing only 9.33% of the identified species.  This suggests that the regional 
pattern when comparing two nearby sites is that of a growing importance of these three 
Scombridae species over the Carangidae species, Caranx caninus, during the Middle/Late 
Formative Periods. 
Future Research 
  This thesis analyzed a large sample of vertebrate remains from Rio Chico, but additional 
materials remain to be studied.  Future work with the Rio Chico collections could add more 
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detailed species-level identifications, potentially increase the sample size from the Middle and 
Late Formative, and clarify the role of mammals in Sector B.  
  Future research would benefit from incorporating multiple lines of evidence. There is 
other evidence of subsistence at Rio Chico that has yet to be analyzed.  The following analyses 
would be valuable to the development of a more comprehensive understanding of subsistence 
strategies at the Rio Chico site, not only on the local level, but also within the broader regional 
context. For example, obtaining data on edible shellfish, agricultural plants and subsistence-
related artifacts (fishing gear, ceramics for storage and cooking, agricultural implements) would 
allow for analysis of possible shifts over time.  Placing these data alongside data from regional 
sites in other habitat settings, such as inland farming communities and communities in the cloud 
forest, would allow for a comparative analysis of regional shifts in subsistence practices over 
time.   
  The incorporation of a broad spectrum of data would also be useful to further explore the 
environmental impacts on cultural change.  The site records housed at FAU contain detailed 
information regarding the geological details of stratigraphic deposition at the site.  Analyzing the 
stratigraphy of the site in more detail, particularly the thick layer of colluvium in the mid-level 
layers at Rio Chico, for evidence of mega-ENSO events and other natural depositions, could give 
a clearer picture of past environmental conditions and events.  Isotopic analysis of fish otoliths 
and incremental layers in shellfish remains could provide data to identify changes in water 
temperature that accompany ENSO events.  Isotopic analysis of human bone remains could 
provide data to evaluate relative dietary contributions of fish and maize.  Human bone analysis 
could also provide data on the presence or absence of nutritional stress associated with maize in 
the diet. Finally, analysis of fish species that occur infrequently in the archaeological record at 
 96 
Rio Chico might serve as signatures of warmer water events.  As environmental impacts on 
cultural change has been the main theme of this thesis, I will conclude with a summary of 
methods and challenges in evaluating the relative impacts of environmental change versus 
cultural change as it pertains to my research at Rio Chico. 
Environmental Change versus Cultural Change 
  Climatic events and their associated human responses can be difficult to determine in the 
archaeological record; however, evidence for events such as extreme ENSO cycles has been 
observed in data from marine invertebrates, fossil diatoms, tree rings, ice cores, and landforms 
and has been used to hypothesize large population shifts and collapse in agrarian societies (Stahl 
1996: 112; Villalba et al. 2009).  Furthermore, during ENSO cycles in Ecuador, the warm El 
Niño current travels southward and displaces coastal waters, while the Inter Tropical 
Convergence zone also moves southward carrying drenching rains (Lim et al. 2014). Such 
changes can trigger archaeologically visible results, such as the presence of more warm water 
fish taxa and mudslides that interrupt cultural stratigraphy. Cultural correlates are hypothesized 
to include dietary shifts in marine, land, and plant resources, and in extreme events, temporary 
abandonment with evidence of rebuilding and, arguably, rapid sociopolitical change (Lim et al. 
2014, McEwan 2003; Stahl 1991; Van Buren 2001).  Because Rio Chico spans the 5000 years of 
known climatic events, my initial research plan was to look for evidence at Rio Chico that might 
suggest strategies to deal with environmental change through faunal indicators in resource usage. 
This proved to be a greater challenge than I had anticipated.  
   ENSO events are brief in comparison to many cultural stratigraphic sequences. Stahl 
acknowledges that it is challenging to interpret extreme ENSO events in archaeological sites 
because these stratigraphic layers are also difficult to differentiate from regular seasonal storms 
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and floods (1996: 112). Yet observations of modern human adaptations may help us to model the 
archaeological past. Stahl (1991) reported that modern-day inhabitants of the central coast of 
Ecuador “abandoned their usual economic activities, and worked subsistence or cash crop plots 
throughout the valley” during and after the 1983 ENSO event in a region that was stricken with 
extreme drought immediately preceding the heavy rains. Mester’s (1997) reported observations 
of the seasons surrounding the 1983 ENSO event show that modern-day inhabitants deal with 
heavy rainfall years by relying more on agriculture and drought years by utilizing more fish 
resources. If this is true for the modern day inhabitants of the region, living in the same basic 
environmental context, then it is possible that prehistoric inhabitants utilized the same strategies 
to adapt to environmental instability by shifting from fish to agricultural and/or terrestrial 
resources.  
Shifts in resources can be reflective of cultural as well as environmental changes. For 
example, new technology, trade, increasing stratification, and community organization can 
potentially lead to shifts in resource usage that cannot be attributed to environmental changes. 
Reitz and Masucci suggest a correlation between increasing agriculture and deer remains at 
inland sites, as deer are attracted to cultivated fields (2004: 167).   Community specialization 
may also play a role in the types of resources necessary to feed a community dedicated to a 
certain activity.  At Rio Chico, this could have meant finding a way to feed the community while 
it pursued its role in the Spondylus trade as a Spondylus capture, processing and storage site.  
This brings me to the Integration Period Spondylus workshop in Sector A.  
Evidence to date points to a “large specialized workshop of industrial capability” (Harris 
et al. 2004: 40).  It seems fairly clear that, at 20 x 50 meters, this structure was considerably 
larger than a domestic structure and contained “distinct activity areas and associated cultural 
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materials (i.e. shells, stone tools, pits, and hearths)” consistent with a dedicated shell workshop 
(Harris et al. 2004: 40).  However, there is a sizable fish bone assemblage from within this 
structure, suggesting that this was not just a shell workshop, but also a space for communal food 
preparation and consumption.   
When considering the early shell craft production at the Regional Diversification site of 
El Azúcar, Reitz and Masucci discuss the Guangala model as an economic system of “integrated 
communities” that create a “pattern of interdependence…based in the specialization of activities 
at the family and community level and circulation of resources and products on a larger scale” 
(2004: 157).  They suggest that this early network of community specialization associated with 
the beginning of the Manteño system had its roots in the Guangala phase (Reitz and Masucci 
2004: 161). If we interpret the structure in Sector A as a shell workshop, and view it through the 
lens of the community specialization model, it is possible to envision it as a place in which the 
community gathered to work, cook, and eat as part of their daily lives.   
  How does this model fit with the faunal changes seen at Rio Chico over time?  It seems 
likely that a combination of factors, including both environmental and cultural ones, interacted 
over time.  These would include an early settlement reliant on nearshore fish and flexible enough 
to adapt to seasonal and cyclical environmental events, followed by the development of 
watercraft technology capable of pursuing offshore schools of large fish.  This in turn became an 
environmental “jackpot” in the form of ready access to high-caloric-value fish and a ritually 
valued spiny oyster desired by faraway settlements, allowing an increasingly specialized 
community to use those high-calorie fish to support their emerging focus on Spondylus products.  
In combination, these strategies of continuity and change sustained the Rio Chico occupants for 
some 5000 years. 
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Table A.2: Middle/Late Formative Time Assignments 
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Table A.3: Integration Period Time Assignments 
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1997 A 1 3 21 9.25  0.00       
1997 A 1 4 2 0.21  0.00       
1997 A 1 4 
, 
5 
3 1.69  0.00       
1997 A 2 3 24 12.44  0.00       
1997 A 2 4 21 35.83  0.00       
1997 A 3 3 9 3.22  0.00     2 0.36 
1997 A 3 4 17 4.17  0.00       
1997 A 4 3 22 10.45  0.00       
1997 A 4 4 3 1.43  0.00       
1997 A 5 3 15 12.48 2 5.32 3 3.05     
1997 A 5 4 9 6.55  0.00       
1999 A 10-
99A 
4 11 31.43         
1999 A 10-
99A 
5 15 10.93         
1999 A 10-
99A 
 2 0.18         
1999 A 11-
99A 
2 1 0.61         
1999 A 11-
99A 
3 11 14.08         
1999 A 11-
99A 
4 43 59.61         
1999 A 11-
99A 
5 42 41.30 2 2.94       
1999 A 11-
99A 
6 6 1.74 1 0.09       
1999 A 12-
99A 
1 1 0.06         
1999 A 12-
99A 
2 193 32.51         
1999 A 12-
99A 
4 12 1.13   2 0.31     
1999 A 12.99
A 
3 303 75.97 13 0.76 1 0.15     
1999 A 13-
99A 
1 74 21.39 1 6.42       
1999 A 13-
99A 
2 65 11.22         
1999 A 13-
99A 
4 25 2.22         
1999 A 13.99
A 
3 473 42.18 5 0.35       
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1999 A 13.99
A 
 54 2.09         
1999 A 14-
99A 
1 252 35.68         
1999 A 14-
99A 
2 477 91.31 4 0.20       
1999 A 14-
99A 
3 45 3.43         
1999 A 14.99
A 
 153 36.23 11 0.45       
1999 A 15-
99A 
2 82 13.15 1 0.38       
1999 A 15-
99A 
4 5 11.57         
1999 A 15-
99A 
5 17 5.15         
1999 A 15.99
A 
3 34 17.74 1 0.38       
1999 A 16-
99A 
1 1 2.14         
1999 A 16-
99A 
5 4 8.24 1 0.76       
1999 A 16-
99A 
6 6 3.30 2 6.80       
1999 A 17-18-
19-99 
 77 8.77 10 3.88       
1999 A 17-
99A 
 27 16.18  0.14       
1999 A 18-
99A 
6 4 16.61         
1999 A 18-
99A 
 124 44.81 3 1.65   1 0.02   
1999 A 19-
99A 
 37 63.46 1 1.32       
1999 A 20-
99A 
 316 19.82 11 1.24       
1997 A 2c/3d 4,
5 
236 41.44  0.00       
1997 A 2d 4 40 10.94  0.00       
1997 A 2e 4 67 15.96  0.00       
1997 A 2e 5 183 21.75 1 0.44       
1999 A 6-99A 4 30 4.56 2 0.20       
1999 A 6.99A 1 1 0.14         
1999 A 6.99A 2 66 10.47 7 0.73       
1999 A 6.99A 3 370 58.14         
1999 A 6.99A  91 9.27 9 0.70   1 0.07 4 0.38 
1999 A 7-99A 2 125 26.49 9 1.37       
1999 A 7-99A 3 280 30.23 11 0.79       
1999 A 7-99A 4 42 8.10 1 0.05       
1999 A 7-99A  73 4.70 9 0.38       
1999 A 8-99A 1 3 0.84         
1999 A 8-99A 2 45 4.53 2 0.10       
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1999 A 8-99A 3 54 5.58         
1999 A 8-99A 4 52 7.05 3 0.04       
1999 A 8-99A  90 7.29 8 0.58       
1999 A 9-99A 2 2 1.08         
1999 A 9-99A 4 24 40.16         
1999 A 9-99A 5 46 95.94         
1999 A 9-99A 6 4 2.28         
1999 A 9-99A 7 1 1.08         
1999 A 9-99A  6 0.39         
1998 C N100 
E100 
1 7 9.51         
1998 C N100 
E100 
2 21 12.16         
1998 C N100 
E100 
3 26 7.62         
1998 C N100 
E100 
4 10 3.19         
1998 C N100 
E100 
5 51 15.03         
1998 C N100 
E100 
6 49 8.54 1 0.49       
1998 C N100 
E101 
1 7 7.22 1 1.95       
1998 C N100 
E101 
2 18 14.76         
1998 C N100 
E101 
3 5 3.45         
1998 C N100 
E101 
4 3 1.55         
1998 C N100 
E101 
5 5 1.42         
1998 C N100 
E101 
6 3 1.23         
1998 C N100 
E102 
1 11 27.59         
1998 C N100 
E102 
2 9 1.52         
1998 C N100 
E103 
2 7 6.64 3 0.93   3 3.8   
1998 C N100 
E103 
4 1 0.84         
2003 A N100 
E283.5 
4 29 19.88 21 101.97       
2003 A N100 
E283.5 
5 49 27.4 7 6.33       
2003 A N100 
E288 
3 2 3.51 7 2.78       
2003 A N100 
E288 
5 250 50.01 2 6.02 1 0.29     
2003 A N100 
E288  
4 12 4.7   1 9.94     
2003 A N100 
E288  
6 29 3.41 3 0.57       
1998 C N101 
E100 
2 1 0.68         
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1998 C N101 
E100 
3 1 0.79 2 1.28       
1998 C N101 
E100 
4 15 4.36   2 1.25     
1998 C N101 
E100 
5           
1998 C N101 
E101 
1 25 5.75 3 1.66       
1998 C N101 
E101 
2 5 4.36         
1998 C N101 
E101 
3 1 8.12         
1998 C N101 
E101 
4 2 0.81         
1998 C N101 
E101 
5 13 7.77         
1998 C N101 
E101 
 36 1.86         
1998 C N101 
E102 
2 1 0.3         
1998 C N101 
E102 
3 1 1.48         
1998 C N101 
E102 
5 5 1.77         
2003 A N102 
E288 
2 2 6.88         
2003 A N102 
E288 
3 4 4.8         
2003 A N102 
E288 
4 48 26.98 1 0.81       
2003 A N102 
E288 
5 11 3.57         
1998 C N103 
E96 
1 78 27.70 1 0.11       
1998 C N104 
E95 
1 295 137.21 13 21.12 2 0.24     
1998 C N104 
E95 
3 8 3.42         
1998 C N105 
E101 
1 11 5.65 5 1.68       
1998 C N105 
E101 
2 48 2         
1998 C N105 
E101 
3 6 0.35         
1998 C N105 
E101 
5           
2003 A N94 
E278 
3 15 3.99         
2003 A N94 
E278 
4 194 90.68 10 4.50       
2003 A N94 
E278 
5 147 38.55 3 2.20       
2003 A N94 
E278/2
79 
3,
5 
97 26.07         
2003 A N94 
E279 
3 333 90.19 136 16.87 20 1.41     
2003 A N94 
E280 
3 12 27.55 15 4.51       
2003 A N94 
E280 
4 480 325.99 17 7.00       
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2003 A N94 
E281 
3 59 40.72 3 0.82       
2003 A N94 
E281  
4 5 2         
1998 C N99 
E100 
1 198 24.02         
1998 C N99 
E100 
2 18 7.3 2 6.7       
1998 C N99 
E100 
3 36 13.99         
1999 C N99 
E100 
4 135 26.69 2 0.18       
1999 C N99 
E100 
5 181 43.03 4 2.06       
1999 C N99 
E101 
2 4 2.73         
1999 C N99 
E101 
3 144 30.79         
1999 C N99 
E101 
4 27 0.96 7 2.82       
1999 C N99 
E101 
5 33 5.47         
1998 C N99 
E102 
1 25 7.78         
1998 C N99 
E102 
2 52 13.1         
1998 C N99 
E102 
3 37 5.05                 
Total    8522 2566.81 400 233.82 32 16.64 5 3.89 6 0.74 
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Table A.4: Species IDs and Time Assignments 
Pe
ri
od
 
Se
ct
or
 
U
ni
t 
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M
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Fa
m
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G
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s 
E
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t 
W
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gh
t (
g)
 
C
ou
nt
 
EF C N100 
E100 
13  Balistidae   premaxilla 0.21 1 
           
EF C N100 
E100 
13 B Carangidae Caranx caninus vertebrae 4.91 2 
EF C N100 
E100 
14  Carangidae Caranx caninus premaxilla 1.12 1 
EF C N100 
E100 
14  Carangidae Caranx caninus vertebrae 7.28 4 
EF C N100 
E100 
15  Carangidae Caranx caninus atlas 1.97 1 
EF C N100 
E100 
15  Carangidae Caranx caninus vertebrae 11.74 3 
EF C N100 
E100 
15  Carangidae Caranx caninus vertebrae 1.3 1 
EF C N100 
E100 
15  Carangidae Caranx caninus vertebrae 2.31 3 
EF C N100 
E100 
16  Carangidae Caranx caninus vertebrae 1.71 2 
EF C N100 
E100 
16  Carangidae Caranx caninus  4.7 1 
EF C N100 
E102 
12  Carangidae Caranx caninus vertebrae 9.7 2 
EF A N100 
E288 
14  Carangidae Caranx caninus spine 15.86 1 
EF A N100 
E288 
15  Carangidae Caranx caninus premaxilla 3.35 1 
EF A N100 
E288 
15  Carangidae Caranx caninus vertebrae 20.28 3 
EF C N104 
E100 
17  Carangidae Caranx caninus vertebrae 12.41 4 
EF C N104 
E100 
17  Carangidae Caranx caninus  7.24 1 
EF C N99 
E102 
10  Carangidae Caranx caninus vertebrae 1.33 2 
EF C N99 
E102 
12  Carangidae Caranx caninus vertebrae 1.05 1 
EF C N99 
E102 
12  Carangidae Caranx caninus vertebrae 9.3 4 
EF C N99 
E102 
13  Carangidae Caranx caninus vert - atlas 6.75 1 
EF C N99 
E102 
13  Carangidae Caranx caninus vertebrae 8 5 
         132.31 43 
           
EF C N100 
E100 
13  Carangidae   spine 0.89 1 
EF C N100 
E100 
13  Carangidae   vertebrae 0.15 1 
EF C N100 
E100 
14  Carangidae   quadrate 1.17 1 
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EF C N100 
E100 
14  Carangidae   vertebrae 0.4 1 
EF C N100 
E100 
14  Carangidae    17.67 5 
EF C N100 
E100 
15  Carangidae   vertebrae 0.27 1 
EF C N100 
E100 
15  Carangidae   vertebrae 0.28 1 
EF C N100 
E100 
16  Carangidae   quadrate 0.94 1 
EF C N100 
E100 
16  Carangidae    21.53 3 
EF C N100 
E102 
11  Carangidae    5.73 2 
EF C N100 
E102 
12  Carangidae    3.3 2 
EF A N100 
E283.
5 
11  Carangidae   vertebrae 2.46 2 
EF A N100 
E288 
14  Carangidae   vertebrae 0.56 1 
EF A N100 
E288 
15  Carangidae   vertebrae 0.46 1 
EF C N104 
E100 
17  Carangidae   vertebrae 0.32 1 
EF C N99 
E100 
12  Carangidae   vertebrae 1.21 1 
EF C N99 
E102 
12  Carangidae   vertebrae 0.29 1 
EF C N99 
E102 
13  Carangidae   vert - atlas 3.55 1 
EF C N99 
E102 
13  Carangidae   vert - penul 2.65 1 
EF C N99 
E102 
13  Carangidae   vertebrae 6.46 1 
EF C N99 
E102 
13  Carangidae    4.56 1 
         74.85 30 
           
EF C N99 
E100 
12  Centropomidae Centropomis nigrensis maxilla 2.2 1 
           
EF C N104 
E100 
16  Haemulidae   vertebrae 0.26 1 
EF C N99 
E100 
10  Haemulidae   vertebrae 0.35 1 
EF C N99 
E100 
12  Haemulidae   vertebrae 0.87 3 
EF C N99 
E102 
12  Haemulidae   articular 0.16 1 
EF C N99 
E102 
12  Haemulidae   hyomandibula
r 
0.13 1 
         1.77 7 
           
EF C N100 
E100 
13  Labridae Bodianus diplotaenia dentary 6.35 1 
EF C N99 
E102 
11  Labridae Bodianus diplotaenia premaxilla 0.38 1 
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EF C N99 
E102 
13  Labridae Bodianus diplotaenia dentary 6.59 1 
EF C N99 
E102 
13  Labridae Bodianus diplotaenia dentary 1.7 2 
         15.02 5 
           
EF C N100 
E100 
15  Labridae   pharyngeal 1.11 1 
EF A N100 
E283.
5 
11  Labridae   dentary 2.18 1 
EF C N104 
E100 
17  Labridae   dentary 1.97 1 
         5.26 3 
           
EF C N100 
E100 
18  Lutjanidae Lutjanus sp. vertebrae 6.44 1 
           
           
EF C N104 
E100 
16  Polynemidae cf.   premaxilla 0.02 1 
           
EF A N100 
E283.
5 
11  Scombridae Euthynnus lineatus vertebrae 0.31 1 
EF C N104 
E100 
17  Scombridae Euthynnus lineatus vertebrae 0.48 1 
         0.79 2 
           
EF C N104 
E100 
16  Scombridae Katsuwanus pelomis vertebrae 0.44 1 
EF A N100 
E288 
14  Scombridae Katsuwonus pelamis vertebrae 0.99 3 
EF C N99 
E100 
12  Scombridae Katsuwonus pelamis vertebrae 1.18 1 
         2.61 5 
           
EF C N99 
E102 
9  Scombridae Thunnis albacores vertebrae 0.93 1 
EF C N101 
E102 
13  Scombridae Thunnus albacores vertebrae 0.63 1 
EF C N99 
E100 
10  Scombridae Thunnus albacores vertebrae 5.48 1 
         7.04 3 
           
EF C N100 
E100 
14 B Scombridae   atlas 10.86 1 
EF C N104 
E100 
17  Scombridae   vertebrae 3.15 3 
         14.01 4 
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EF C N100 
E100 
15  Serranidae   dentary 0.45 1 
EF C N100 
E100 
15  Serranidae   maxilla 0.5 1 
EF C N100 
E100 
17  Serranidae   articular 6.6 1 
EF A N100 
E288 
15  Serranidae   dentary  28.22 1 
EF C N104 
E100 
17  Serranidae   vertebrae 1.65 1 
EF A N100 
E288 
14  Serranidae cf.   preopercular 1.16 1 
         38.58 6 
           
EF C N99 
E102 
13  Sparidae Calamus brachysom
us 
premaxilla 2.09 1 
           
EF C N100 
E100 
15  Sparidae   maxilla 0.58 1 
           
EF C N100 
E100 
13  UNID   vertebrae 1.82 2 
EF C N100 
E100 
13 B UNID    1.36 2 
EF C N100 
E100 
14  UNID    6.52 12 
EF C N100 
E100 
15  UNID   parasphenoid 0.45 1 
EF C N100 
E100 
15  UNID   quadrate 0.11 1 
EF C N100 
E100 
15  UNID   vertebrae 1.13 2 
EF C N100 
E100 
15  UNID   vertebrae 0.36 2 
EF C N100 
E100 
15 B UNID    0.77 1 
EF C N100 
E100 
15  UNID    3.84 11 
EF C N100 
E100 
15  UNID    1.58 6 
EF C N100 
E100 
15  UNID    1.39 2 
EF C N100 
E100 
16  UNID    2.15 3 
EF C N100 
E100 
18  UNID   atlas 1.66 1 
EF C N100 
E100 
18  UNID   fragments 2.25 10 
EF C N100 
E100 
18  UNID   vertebrae 0.16 1 
EF C N100 
E102 
11  UNID   vertebrae 0.69 2 
EF C N100 
E102 
12  UNID   fragments 0.18 2 
EF C N100 
E102 
12  UNID   vertebrae 0.21 1 
EF C N100 
E103 
12  UNID   epihyal 0.07 2 
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EF C N100 
E103 
12  UNID   fragments 2.37 38 
EF C N100 
E103 
12  UNID   maxilla 0.05 1 
EF C N100 
E103 
12  UNID   spine 1.78 26 
EF C N100 
E103 
12  UNID   vert - terminal 0.02 1 
EF C N100 
E103 
12  UNID   vertebrae 1.67 40 
EF A N100 
E283.
5 
11  UNID   frags 2.4 11 
EF A N100 
E283.
5 
11  UNID   hypural 1.35 2 
EF A N100 
E283.
5 
11 B UNID   quadrate 0.28 1 
EF A N100 
E283.
5 
11  UNID   quadrate 0.57 1 
EF A N100 
E283.
5 
11 B UNID   vertebrae 0.97 10 
EF A N100 
E283.
5 
11  UNID   vertebrae 2.73 18 
EF A N100 
E288 
14 B UNID   frags 0.05 1 
EF A N100 
E288 
14  UNID   spine 4.07 4 
EF A N100 
E288 
14  UNID   vert - frags 0.62 4 
EF A N100 
E288 
15  UNID   frags 11.46 9 
EF A N100 
E288 
15  UNID   opercular 0.86 1 
EF A N100 
E288 
15  UNID   preopercular 1.83 1 
EF A N100 
E288 
15  UNID   supraoccipital 1.5 1 
EF A N100 
E288 
15  UNID   vert - terminal 1.65 2 
EF A N100 
E288 
15  UNID   vertebrae 2.01 8 
EF A N100 
E288 
15  UNID   vertebrae 7.96 7 
EF A N100 
E288 
15  UNID    20.38 3 
EF A N101 
E102 
12 B UNID   vertebrae 1.2 1 
EF C N101 
E102 
12  UNID   vertebrae 0.09 2 
EF C N101 
E102 
12  UNID    3.37 1 
EF C N101 
E102 
13  UNID   frags 4.04 34 
EF C N101 
E102 
13  UNID   scapula 0.11 1 
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EF C N101 
E102 
13  UNID   vertebrae 0.3 2 
EF C N104 
E100 
16  UNID   fragments 5.39 51 
EF C N104 
E100 
16  UNID   vert - terminal 0.04 1 
EF C N104 
E100 
16  UNID   vertebrae 3.5 19 
EF C N104 
E100 
17  UNID   frags 7.77 31 
EF C N104 
E100 
17  UNID   hypoyal 0.25 1 
EF C N104 
E100 
17  UNID   vertebrae 4.08 4 
EF C N104 
E100 
17  UNID   vertebrae 0.73 3 
EF C N104 
E100 
17  UNID   vomer 0.25 1 
EF C N99 
E100 
10  UNID   hyomandibula
r 
1.49 1 
EF C N99 
E100 
10  UNID   vertebrae 0.64 2 
EF C N99 
E100 
10  UNID   vertebrae 2.87 17 
EF C N99 
E100 
12  UNID   atlas 1.44 1 
EF C N99 
E100 
12  UNID   fragments 0.88 5 
EF C N99 
E100 
12  UNID   vertebrae 1.74 1 
EF C N99 
E100 
12  UNID   vomer 0.08 1 
EF C N99 
E100 
12  UNID    1.56 1 
EF C N99 
E102 
9  UNID   fragments 0.26 6 
EF C N99 
E102 
9  UNID   hyperostatic 0.79 1 
EF C N99 
E102 
10  UNID   frags 1.27 11 
EF C N99 
E102 
10  UNID   vertebrae 0.79 11 
EF C N99 
E102 
11  UNID   frags 7.22 36 
EF C N99 
E102 
11  UNID   premaxilla 0.2 1 
EF C N99 
E102 
11  UNID   vert - atlas 0.15 1 
EF C N99 
E102 
11  UNID   vertebrae 1.71 6 
EF C N99 
E102 
12  UNID   dentary/prema
xilla 
0.14 1 
EF C N99 
E102 
12 B UNID   frags 4.83 3 
EF C N99 
E102 
12  UNID   frags 21.5 124 
EF C N99 
E102 
12  UNID   frags 0.08 1 
EF C N99 
E102 
12  UNID   hyomandibula
r 
0.89 1 
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EF C N99 
E102 
12  UNID   hyomandibula
r 
2.13 1 
EF C N99 
E102 
12  UNID   posttemporal 0.09 1 
EF C N99 
E102 
12  UNID   quadrate 0.06 1 
EF C N99 
E102 
12  UNID   vertebrae 15.47 114 
EF C N99 
E102 
12  UNID   vertebrae 3.85 3 
EF C N99 
E102 
12  UNID    1.2 2 
EF C N99 
E102 
12  UNID    10.2 3 
EF C N99 
E102 
13 B UNID   frags 2.96 4 
EF C N99 
E102 
13  UNID   frags 21.49 99 
EF C N99 
E102 
13  UNID   frags 0.25 2 
EF C N99 
E102 
13  UNID   frags 1.79 5 
EF C N99 
E102 
13  UNID   premaxilla 1.08 1 
EF C N99 
E102 
13  UNID   quadrate 0.53 1 
EF C N99 
E102 
13  UNID   spine - 1st 
anal 
0.44 1 
EF C N99 
E102 
13  UNID   vertebrae 7.85 54 
EF C N99 
E102 
13  UNID   vertebrae 5.37 20 
EF C N99 
E102 
13  UNID   vertebrae 2.38 4 
         252.07 954 
           
        Total EF 555.85 106
8 
           
           
           
LF C N100 
E103 
6  Carangidae Caranx caninus vertebra 1.24 1 
LF A N100 
E283.
5 
8  Carangidae Caranx caninus maxilla 1.08 1 
LF C N101 
E102 
6  Carangidae Caranx caninus vertebrae 2.98 1 
LF C N101 
E102 
10  Carangidae Caranx caninus vertebrae 3.4 1 
LF C N101 
E102 
10  Carangidae Caranx caninus vertebrae 1.1 1 
         9.8 5 
           
LF C N101 
E102 
10  Carangidae Selene peruviana vertebrae 0.44 1 
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LF C N100 
E100 
7  Carangidae   premaxilla 0.52 1 
LF C N100 
E102 
9  Carangidae   spine 0.49 1 
LF A N100 
E283.
5 
9  Carangidae   vertebrae 0.2 1 
LF A N100 
E283.
5 
10  Carangidae   dentary 2.61 1 
LF A N100 
E283.
5 
10  Carangidae   premaxilla 0.26 1 
LF A N100 
E283.
5 
10  Carangidae   premaxilla 1.81 1 
LF A N100 
E283.
5 
10  Carangidae   vertebrae 0.38 1 
LF A N100 
E288 
10  Carangidae   vertebrae 1.61 3 
LF A N100 
E288 
11  Carangidae   vertebrae 1.12 6 
LF C N101 
E102 
10  Carangidae   vertebrae 0.44 1 
LF C N101 
E102 
11  Carangidae   vertebrae 1.3 1 
LF C N99 
E100 
9  Carangidae   dentary 0.73 1 
LF C N99 
E100 
9  Carangidae   vertebrae 1.25 5 
         12.72 24 
           
LF A N100 
E283.
5 
9  Chondrichthyse/ 
Shynnidae 
Shyrna zygaema vertebrae 0.88 1 
           
           
LF A N100 
E283.
5 
7  Corphanidae Corphaenae hippurus vertebrae 0.94 1 
           
           
LF C N101 
E102 
10  Haemulidae   vertebrae 0.29 1 
LF A N102 
E288 
11  Haemulidae cf   preopercular 1.31 1 
         1.6 2 
           
LF C N99 
E100 
9  Labridae Bodianus diplotaenia quadrate 0.26 1 
           
 127 
           
LF C N100 
E100 
10  Lutjanidae   quadrate 0.44 1 
LF A N100 
E288 
11  Lutjanidae   premaxilla 2.14 1 
LF C N101 
E102 
9  Lutjanidae   vertebrae 0.61 1 
LF C N101 
E102 
10  Lutjanidae   vertebrae 0.47 1 
LF C N101 
E102 
10  Lutjanidae   vertebrae 0.36 1 
LF C N101 
E102 
10  Lutjanidae cf.   quadrate 0.44 1 
         4.46 6 
           
LF A N100 
E283.
5 
9  Nemostidae   maxilla 1.22 1 
           
           
LF C N100 
E103 
6  Scombridae Euthynnus lineatus vertebra 2.42 1 
LF A N100 
E283.
5 
7  Scombridae Euthynnus lineatus vertebrae 0.48 1 
LF A N100 
E288 
10  Scombridae Euthynnus lineatus vertebrae 1.24 4 
LF A N100 
E288 
11  Scombridae Euthynnus lineatus vertebrae 21.09 47 
LF C N101 
E102 
6  Scombridae Euthynnus lineatus vertebrae 0.19 1 
LF C N101 
E102 
9 B Scombridae Euthynnus lineatus vertebrae 3.21 1 
LF C N101 
E102 
10  Scombridae Euthynnus lineatus vertebrae 1.11 3 
LF C N101 
E102 
10  Scombridae Euthynnus lineatus vertebrae 4.39 4 
LF A N102 
E288 
11  Scombridae Euthynnus lineatus vertebrae 0.67 3 
LF A N102 
E288 
12  Scombridae Euthynnus lineatus vertebrae 1.79 2 
LF C N99 
E100 
9  Scombridae Euthynnus lineatus vertebrae 1.68 4 
         38.27 71 
           
LF C N101 
E102 
10  Scombridae Katsuwonis pelamis vertebrae 1.45 3 
LF C N101 
E102 
10  Scombridae Katsuwonis pelamis vertebrae 3.12 7 
LF C N100 
E102 
10  Scombridae Katsuwonis  pelamis vertebrae 0.37 1 
LF A N100 
E288 
10  Scombridae Katsuwonus pelamis vertebrae 1.02 2 
LF A N100 
E288 
10  Scombridae Katsuwonus pelamis vertebrae 1.14 3 
LF A N100 
E288 
11  Scombridae Katsuwonus pelamis vertebrae 11.47 19 
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LF C N99 
E100 
9  Scombridae Katsuwonus pelamis vertebrae 0.81 2 
         19.38 37 
           
LF C N100 
E102 
6  Scombridae Thunnus albacores vertebrae 0.58 1 
LF C N100 
E102 
9  Scombridae Thunnus albacores vertebrae 3.58 4 
LF C N100 
E103 
6  Scombridae Thunnus albacores vertebra 1.56 2 
LF A N100 
E288 
11  Scombridae Thunnus albacores vertebrae 7.02 11 
LF A N100 
E288 
11  Scombridae Thunnus albacores vertebrae 6.61 3 
LF A N100 
E288 
11  Scombridae Thunnus albacores vertebrae 0.14 1 
LF C N101 
E102 
8  Scombridae Thunnus albacores vertebrae 0.6 1 
LF C N101 
E102 
9  Scombridae Thunnus albacores vertebrae 0.57 1 
LF C N101 
E102 
10  Scombridae Thunnus albacores vertebrae 3.84 5 
LF C N101 
E102 
10  Scombridae Thunnus albacores vertebrae 5.21 8 
LF A N102 
E288 
11  Scombridae Thunnus albacores vertebrae 1.16 1 
LF C N99 
E100 
9  Scombridae Thunnus albacores vertebrae 0.62 1 
         31.49 39 
           
LF C N100 
E100 
7  Scombridae   vertebrae 10.63 13 
LF C N100 
E100 
8  Scombridae   vertebrae 1.34 3 
LF C N100 
E100 
9  Scombridae   vertebrae 0.58 1 
LF C N100 
E100 
10  Scombridae   atlas 0.33 1 
LF C N100 
E100 
10  Scombridae   vertebrae 0.4 1 
LF C N100 
E100 
11  Scombridae   vertebrae 0.78 1 
LF C N100 
E102 
7  Scombridae   hypural  0.05 1 
LF C N100 
E102 
7  Scombridae   vertebrae 0.87 1 
LF A N100 
E288 
10  Scombridae   vert - terminal 0.2 1 
LF A N100 
E288 
10  Scombridae   vertebrae 0.48 2 
LF A N100 
E288 
11  Scombridae   hypural 0.34 2 
LF A N100 
E288 
11  Scombridae   maxilla 0.36 1 
LF A N100 
E288 
11  Scombridae   vert - frags 4.35 18 
LF C N101 
E102 
10  Scombridae   vertebrae 2.1 2 
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LF C N101 
E102 
10  Scombridae   vertebrae 2.26 4 
LF C N99 
E100 
9  Scombridae   hypural 0.11 1 
LF C N99 
E100 
9  Scombridae   vertebrae 0.54 2 
         25.72 55 
           
LF C N100 
E100 
7  Serranidae   premaxilla 0.47 1 
LF C N100 
E102 
9  Serranidae   vertebrae 1.34 1 
LF A N100 
E288 
10  Serranidae   vertebrae 0.73 1 
         2.54 3 
           
LF A N100 
E283.
5 
9 B Sparidae Calymus brachysom
us 
premaxilla 2.21 1 
LF A N100 
E288 
10  Sparidae Calymus brachysom
us 
dentary  3.65 1 
         5.86 2 
           
LF C N101 
E102 
10  Sparidae cf.   articular cf. 0.45 1 
           
           
LF C N100 
E100 
7 B UNID   fragments 0.28 1 
LF C N100 
E100 
7  UNID   fragments 5.04 14 
LF C N100 
E100 
7  UNID   quadrate 0.19 1 
LF C N100 
E100 
8  UNID   vertebrae 1.64 4 
LF C N100 
E100 
9  UNID   vertebrae 1.04 1 
LF C N100 
E100 
9  UNID    0.25 1 
LF C N100 
E100 
10  UNID   ceratohyal 0.19 1 
LF C N100 
E100 
10  UNID    1.57 3 
LF C N100 
E100 
10  UNID    0.34 2 
LF C N100 
E100 
11  UNID   spine - dorsal 0.23 1 
LF C N100 
E100 
11  UNID    1.18 4 
LF C N100 
E102 
6  UNID    0.74 3 
LF C N100 
E102 
7  UNID    1.9 3 
LF C N100 
E102 
9  UNID   vertebrae 1.1 2 
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LF C N100 
E102 
9  UNID    1.84 3 
LF C N100 
E102 
10  UNID    0.75 2 
LF A N100 
E283.
5 
7  UNID   frags 2.45 5 
LF A N100 
E283.
5 
7  UNID   hyomandibula
r 
0.9 1 
LF A N100 
E283.
5 
7  UNID   parasphenoid 0.59 1 
LF A N100 
E283.
5 
8  UNID   basioccipital 0.25 1 
LF A N100 
E283.
5 
8  UNID   frags 2.17 2 
LF A N100 
E283.
5 
8  UNID   spine 0.6 1 
LF A N100 
E283.
5 
9  UNID   atlas 3.12 1 
LF A N100 
E283.
5 
9  UNID   frags 7.89 10 
LF A N100 
E283.
5 
9  UNID   spine 2.2 7 
LF A N100 
E283.
5 
9  UNID   vertebrae 2.93 6 
LF A N100 
E283.
5 
9  UNID   vertebrae 10.44 2 
LF A N100 
E283.
5 
10  UNID   frags 0.8 4 
LF A N100 
E283.
5 
10  UNID   hyperostatic  1.13 1 
LF A N100 
E283.
5 
10  UNID   spine 1.03 7 
LF A N100 
E283.
5 
10  UNID   vertebrae 6.77 8 
LF A N100 
E288 
10  UNID   frags 0.83 5 
LF A N100 
E288 
10  UNID   frags 1.38 7 
LF A N100 
E288 
10  UNID   spine 0.16 2 
LF A N100 
E288 
10  UNID   vert - terminal 0.27 1 
LF A N100 
E288 
10  UNID   vertebrae 0.96 6 
LF A N100 
E288 
10  UNID   vertebrae 1.85 3 
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LF A N100 
E288 
11  UNID   articular 0.83 1 
LF A N100 
E288 
11  UNID   basioccipital 0.16 1 
LF A N100 
E288 
11  UNID   ceratohyal 0.19 1 
LF A N100 
E288 
11  UNID   dentary/prema
xilla 
0.15 2 
LF A N100 
E288 
11  UNID   frags 3.29 17 
LF A N100 
E288 
11  UNID   frags 0.09 2 
LF A N100 
E288 
11  UNID   hypural 0.56 1 
LF A N100 
E288 
11  UNID   maxilla 0.76 1 
LF A N100 
E288 
11  UNID   preopercular 0.68 1 
LF A N100 
E288 
11  UNID   quadrate 0.29 1 
LF A N100 
E288 
11  UNID   spines 2.28 14 
LF A N100 
E288 
11  UNID   vert - terminal 0.18 1 
LF A N100 
E288 
11  UNID   vertebrae 6.64 40 
LF A N100 
E288 
11  UNID   vertebrae 7.24 34 
LF A N100 
E288 
11  UNID   vertebrae 0.19 7 
LF A N100 
E288 
11  UNID   vertebrae 0.22 1 
LF C N101 
E102 
6  UNID   frag/spine 0.49 2 
LF C N101 
E102 
8  UNID   vertebrae 0.25 1 
LF C N101 
E102 
9  UNID   vertebrae 0.75 1 
LF C N101 
E102 
10 B UNID   frags 1.29 4 
LF C N101 
E102 
10  UNID   frags 1.67 20 
LF C N101 
E102 
10  UNID   vertebrae 1.36 3 
LF C N101 
E102 
10  UNID   vertebrae 3.03 5 
LF C N101 
E102 
10  UNID   vertebrae 1.11 4 
LF C N101 
E102 
11  UNID   vertebrae 1.52 1 
LF A N102 
E288 
11  UNID   vert - frags 2.86 17 
LF A N102 
E288 
12  UNID   frags 1.6 3 
LF A N102 
E288 
12  UNID   vertebrae 9.38 2 
LF A N102 
E288 
12  UNID   vertebrae 0.55 5 
LF A N102 
E288 
13  UNID   frags 0.28 1 
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LF A N102 
E288 
13  UNID   vertebrae 1.94 4 
LF C N99 
E100 
6  UNID   fragments 3.57 1 
LF C N99 
E100 
9  UNID   atlas 0.08 1 
LF C N99 
E100 
9  UNID   fragments 6.84 28 
LF C N99 
E100 
9  UNID   hypoyal 0.14 1 
LF C N99 
E100 
9  UNID   hypural 0.06 2 
LF C N99 
E100 
9  UNID   opercular 0.24 1 
LF C N99 
E100 
9  UNID   spines 1.23 12 
LF C N99 
E100 
9  UNID   vertebrae 1.81 8 
LF C N99 
E100 
9  UNID   vertebrae 5.45 63 
LF C N99 
E100 
9 B UNID    2.24 2 
         140.49 444 
           
           
        Total LF 296.52 694 
           
           
M C N100 
E100 
3  Ariidae   cleithrum 0.06 1 
M C N99 
E102 
1  Ariidae   fragments 0.15 1 
M C N99 
E102 
1  Ariidae   opercular 0.53 1 
         0.74 3 
           
M C N100 
E100 
2  Balistidae   premaxilla 1.55 1 
           
           
M C N99 
E102 
2B  Carangidae Caranx caninus vertebrae 0.87 1 
           
           
M C N100 
E100 
3  Carangidae   quadrate 0.86 2 
M C N100 
E102 
1  Carangidae   vertebrae 0.26 1 
M C N100 
E102 
2  Carangidae   vertebrae 0.31 1 
M C N99 
E100 
4  Carangidae   vertebrae 1.01 9 
M C N99 
E100 
5  Carangidae   vertebrae 0.68 3 
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M C N99 
E102 
1  Carangidae   vertebrae 0.11 1 
M C N99 
E102 
3  Carangidae   vertebrae 0.16 2 
M C N99 
E102 
2B  Carangidae    9.77 1 
         13.16 20 
           
M C N99 
E100 
4  Clupeidae   vertebrae 0.001 1 
           
           
M C N100 
E100 
1  Haemulidae   hyomandibula
r 
0.1 1 
M C N100 
E100 
5  Haemulidae   premaxilla 0.19 1 
M C N100 
E101 
1  Haemulidae   premaxilla 0.43 1 
M C N99 
E100 
4  Haemulidae   vertebrae 0.41 1 
         1.13 4 
           
M C N100 
E100 
1  Labridae   premaxilla 3.33 1 
           
           
M C N100 
E100 
2  Lujanidae   premaxilla 0.77 1 
           
           
M C N100 
E100 
5  Scombridae Euthynnus lineatus vertebrae 3 6 
M C N100 
E101 
3  Scombridae Euthynnus lineatus vertebrae 1.84 4 
M C N100 
E101 
4  Scombridae Euthynnus lineatus vertebrae 0.75 1 
M A N100 
E288 
4  Scombridae Euthynnus lineatus vertebrae 2.31 6 
M C N101 
E102 
2  Scombridae Euthynnus lineatus vertebrae 0.39 1 
M C N99 
E100 
1  Scombridae Euthynnus lineatus vertebrae 3.76 2 
M C N99 
E100 
4  Scombridae Euthynnus lineatus vertebrae 0.59 1 
M C N99 
E100 
5  Scombridae Euthynnus lineatus vertebrae 1.26 5 
M C N99 
E102 
1  Scombridae Euthynnus lineatus vertebrae 4.4 6 
M C N99 
E102 
2  Scombridae Euthynnus lineatus vertebrae 7.62 3 
M C N99 
E102 
2  Scombridae Euthynnus lineatus vertebrae 1.02 1 
M C N99 
E102 
3  Scombridae Euthynnus lineatus vertebrae 1.92 5 
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M C N99 
E102 
2B  Scombridae Euthynnus lineatus vertebrae 2.73 1 
M C N99 
E102 
2B  Scombridae Euthynnus lineatus vertebrae 1.49 3 
         33.08 45 
           
M C N99 
E100 
4  Scombridae Katsuwonus pelamis vertebrae 0.89 2 
M C N99 
E100 
5  Scombridae Katsuwonus pelamis vertebrae 2.49 6 
         3.38 8 
           
M C N100 
E101 
3  Scombridae Thunnis albacores vertebrae 1.44 1 
M C N100 
E100 
5  Scombridae Thunnus albacores vertebrae 4.54 6 
M C N100 
E100 
6  Scombridae Thunnus albacores vertebrae 2.32 1 
M C N100 
E102 
1  Scombridae Thunnus albacores vertebrae 3.25 3 
M C N100 
E103 
2  Scombridae Thunnus albacores vertebra 2.99 3 
M C N100 
E103 
4  Scombridae Thunnus albacores vertebra 0.77 1 
M C N99 
E100 
4  Scombridae Thunnus albacores vertebrae 6.01 9 
M C N99 
E100 
5  Scombridae Thunnus albacores vertebrae 3.88 6 
         25.2 30 
           
M C N100 
E100 
2  Scombridae   vertebrae 0.36 2 
M C N100 
E100 
4  Scombridae   vertebrae 0.47 2 
M C N100 
E100 
5  Scombridae   vertebrae 0.21 1 
M C N100 
E101 
1  Scombridae   vertebrae 1 1 
M C N100 
E101 
2  Scombridae   vertebrae 5.93 6 
M C N100 
E103 
3  Scombridae   vertebra 2.72 2 
M C N99 
E100 
4  Scombridae   hyomandibula
r 
0.66 1 
M C N99 
E100 
5  Scombridae   vertebrae 1.15 3 
         12.5 18 
           
M C N100 
E100 
1  Serranidae   premaxilla 4.92 1 
M C N100 
E100 
3  Serranidae   dentary 0.6 1 
M C N100 
E101 
4  Serranidae   dentary 0.59 1 
M A N100 
E288 
4  Serranidae   vertebrae 1.09 2 
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M C N99 
E100 
5  Serranidae   hyomandibula
r 
0.05 1 
         7.25 6 
           
M C N100 
E100 
5  Sparidae   premaxilla 0.44 1 
M C N100 
E101 
2  Sparidae   maxilla 2.16 2 
         2.6 3 
           
M C N100 
E100 
1  UNID   atlas 0.24 1 
M C N100 
E100 
1  UNID   spine 0.32 1 
M C N100 
E100 
1  UNID   vertebrae 0.28 2 
M C N100 
E100 
2  UNID   basioccipital 0.08 1 
M C N100 
E100 
2  UNID   tilly? 1.13 1 
M C N100 
E100 
2  UNID   vertebrae 2.01 3 
M C N100 
E100 
2  UNID    4.57 10 
M C N100 
E100 
3  UNID   vertebrae 0.88 3 
M C N100 
E100 
3  UNID   vertebrae 0.77 3 
M C N100 
E100 
3  UNID    4 16 
M C N100 
E100 
4  UNID   scapula 0.51 1 
M C N100 
E100 
4  UNID   vertebrae 1.21 3 
M C N100 
E100 
4  UNID    0.93 4 
M C N100 
E100 
5  UNID   fragments 4.84 37 
M C N100 
E100 
5  UNID   hypural 0.1 1 
M C N100 
E100 
5  UNID   vertebrae 1.43 6 
M C N100 
E100 
6  UNID   vertebrae 0.89 2 
M C N100 
E101 
1  UNID   fragment 1.66 3 
M C N100 
E101 
1  UNID   vertebrae 3.95 2 
M C N100 
E101 
2  UNID   basioccipital 0.3 1 
M C N100 
E101 
2  UNID   vertebrae 2.21 7 
M C N100 
E101 
2  UNID   vertebrae 3.74 2 
M C N100 
E101 
4  UNID   fragment 0.29 1 
M C N100 
E101 
5 B(
1) 
UNID   fragment 0.57 3 
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M C N100 
E101 
5  UNID   vertebrae 0.85 2 
M C N100 
E101 
6 B UNID   spine 0.23 2 
M C N100 
E101 
6  UNID   vertebrae 0.9 1 
M C N100 
E102 
1  UNID   ceratohyal 0.49 1 
M C N100 
E102 
1  UNID   vertebrae 0.45 2 
M C N100 
E102 
2  UNID    1.37 5 
M C N100 
E103 
2  UNID   fragments 2.9 5 
M C N100 
E103 
2  UNID   vertebra 0.7 1 
M C N100 
E103 
3  UNID   premaxilla 3.02 1 
M C N100 
E103 
3 B UNID   vertebra 1.35 1 
M A N100 
E288 
4  UNID   opercular 0.11 1 
M A N100 
E288 
4  UNID   spines 0.31 1 
M A N100 
E288 
4  UNID   vertebrae 0.9 2 
M C N101 
E102 
3  UNID    1.48 1 
M C N101 
E102 
5  UNID   vertebrae 1.18 4 
M C N99 
E100 
4  UNID   fragments 4.59 27 
M C N99 
E100 
4  UNID   vertebrae 4.29 26 
M C N99 
E100 
5  UNID   dentary/prema
xilla 
0.26 1 
M C N99 
E100 
5  UNID   fragments 8.28 47 
M C N99 
E100 
5  UNID   scapula 0.16 1 
M C N99 
E100 
5  UNID   spines 5.12 58 
M C N99 
E100 
5  UNID   vertebrae 2.22 8 
M C N99 
E100 
5  UNID   vertebrae 4.54 24 
M C N99 
E100 
5  UNID    3.63 2 
M C N99 
E102 
1  UNID   fragments 0.84 7 
M C N99 
E102 
3  UNID   opercular 0.11 1 
M C N99 
E102 
3  UNID   spines/frags 1.78 10 
M C N99 
E102 
3  UNID   vertebrae 0.1 4 
M C N99 
E102 
2B  UNID   ceratohyal 1.24 1 
M C N99 
E102 
2B  UNID   vertebrae 1.21 3 
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         91.52 364 
           
M C N101 
E102 
5  Uranoscopidae Astroscupus zephyreus articular 0.61 1 
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Table A.5: Manteño Workshop 
Seaso
n 
Sector Unit Level Fish NISP Fish Weight (g) Mammal NISP Mammal weight (g) 
1997 A 2 3 24 12.44  0 
1997 A 2 4 21 35.83  0 
1997 A 3 3 9 3.22  0.00 
1997 A 3 4 17 4.17  0.00 
1997 A 4 3 22 10.45  0.00 
1997 A 4 4 3 1.43  0.00 
1997 A 5 2 39 13.42 1 0.22 
1997 A 5 3 15 12.48 2 5.32 
1997 A 5 4 9 6.55  0.00 
1997 A 5e/5f 2 180 9.76   
1997 A 2c/3d 2 63 18.90   
1997 A 2c/3d 4, 5 236 41.44  0.00 
1997 A 2e 4 67 15.96  0.00 
1997 A 2e 5 183 21.75 1 0.44 
1999 A 10-99A 4 11 31.43   
1999 A 10-99A 5 15 10.93   
1999 A 11-99A 2 1 0.61   
1999 A 11-99A 3 11 14.08   
1999 A 11-99A 4 43 59.61   
1999 A 11-99A 5 42 41.30 2 2.94 
1999 A 12-99A 2 193 32.51   
1999 A 12.99A 3 303 75.97 13 0.76 
1999 A 12-99A 4 12 1.13   
1999 A 13-99A 2 65 11.22   
1999 A 13.99A 3 473 42.18 5 0.35 
1999 A 13-99A 4 25 2.22   
1999 A 14-99A 2 477 91.31 4 0.20 
1999 A 14-99A 3 45 3.43   
1999 A 15-99A 2 82 13.15 1 0.38 
1999 A 15.99A 3 34 17.74 1 0.38 
1999 A 15-99A 4 5 11.57   
1999 A 15-99A 5 17 5.15   
1999 A 16-99A 5 4 8.24 1 0.76 
1999 A 6.99A 2 66 10.47 7 0.73 
1999 A 6.99A 3 370 58.14   
1999 A 6-99A 4 30 4.56 2 0.20 
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1999 A 7-99A 2 125 26.49 9 1.37 
1999 A 7-99A 3 280 30.23 11 0.79 
1999 A 7-99A 4 42 8.10 1 0.05 
1999 A 8-99A 2 45 4.53 2 0.10 
1999 A 8-99A 3 54 5.58   
1999 A 8-99A 4 52 7.05 3 0.04 
1999 A 9-99A 2 2 1.08   
1999 A 9-99A 4 24 40.16   
1999 A 9-99A 5 46 95.94   
    3882 973.91 66.00 15.03 
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Table A.6: Valdivia Midden and Floors 
Season Sector Unit Level Fish NISP Fish Weight (g) Mammal NISP Mammal weight (g) 
1998 C N100 E100 13 10 15.52 1 2.81 
1998 C N100 E100 14 25 45.21 2 4.29 
1998 C N100 E100 15 44 71.59 4 1.15 
1998 C N100 E100 16 10 30.99   
1998 C N100 E100 17 2 6.33   
1998 C N100 E102 11 3 4.05 2 14.7 
1998 C N100 E102 12 2 3.23   
1998 C N101 E100 11 8 3.41   
1998 C N101 E100 12 19 10.66 1 0.95 
1998 C N101 E100 13 6 13.54   
1998 C N101 E102 12 3 3.56   
1998 C N104 E100 15 23 67.17   
1998 C N104 E95 7 162 31.32   
1998 C N105 E101 12 1 0.97   
1998 C N105 E101 14 6 0.74   
1998 C N105 E101 15 12 2.62 1 0.2 
1999 C N100 E100 18 14 13.21   
1999 C N100 E100 19 10 1.05   
1999 C N100 E101 13 53 16.83 4 7.62 
1999 C N100 E102 12 3 0.42 1 0.12 
1999 C N100 E103 12 105 6.24   
1999 C N101 E100 13 2 0.61   
1999 C N101 E101 13 21 2.88   
1999 C N101 E102 13 37 5.29 3 0.32 
1999 C N101 E103 12 23 3.97 1 0.08 
1999 C N101 E103 13 37 4.06 2 0.10 
1999 C N104 E100 16 61 10.22   
1999 C N104 E100 17 55 50.60   
1999 C N104 E101 16 20 6.75 4 0.70 
1999 C N104 E101 17 57 40.49   
1999 C N105 E100 16 63 26.09   
1999 C N105 E100 17 29 20.26   
1999 C N105 E101 16 57 20.94   
1999 C N105 E101 17 38 15.08   
1999 C N99 E100 10 21 13.51 2 0.22 
1999 C N99 E100 11 75 22.36 3 1.74 
 141 
1999 C N99 E100 12 16 14.08 3 5.46 
1999 C N99 E100 13 264 62.29   
1999 C N99 E101 11 28 30.29 2 3.47 
1999 C N99 E101 12 31 16.21   
1999 C N99 E101 13 96 30.72   
1999 C N99 E102 11 47 10.63 1 0.08 
1999 C N99 E102 12 259 83.53   
1999 C N99 E102 13 218 112.12 5 18.65 
  N101 E101  12 71 12.95   
    2147 964.59 42 62.66 
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Table A.8: 1997 Season IDs 
U
ni
t 
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R
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A
m
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N
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P 
A
m
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n 
w
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gh
t (
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U
N
ID
 
N
IS
P 
U
N
ID
 
w
ei
gh
t (
g)
 
1 1 2 0.01          0.51 
1 3             
1 3 2 1.57           
1 3 6 7.40           
1 3 13 0.28          0.42 
1 4 2 0.21           
1 4            0.74 
1 7             
1 7 6 1.72           
1 9            0.12 
1 10 4 0.08          0.03 
1 11            0.46 
1 12             
1 16 7 0.81 1 0.02        0.18 
1 18            0.02 
1 19 34 20.10          0.97 
1 19           1 0.02 
1 4, 5 3 1.69           
2 1   1 1.43         
2 2 18 2.20           
2 2 20 3.39           
2 3 13 7.68           
2 3 11 4.76           
2 3             
2 4 21 35.83           
2b/3c 1 3 1.44 1 16.84         
2b/3c missing 33 8.80 4 1.87         
2c/3d 1 49 24.07 2 3.06 1 0.88      2.06 
2c/3d 2-x 63 18.90         8 1.24 
2c/3d 4, 5 236 41.44           
2d 1 1 2.19           
2d 2 1 0.41           
2d 4 40 10.94           
2d 1  to 3             
 143 
2e 1 46 6.76 4 1.49   1 0.71    0.49 
2e 4 67 15.96          0.37 
2e 5 31 1.54          2.80 
2e 5 124 10.70           
2e 5 25 7.28           
2e 5            0.15 
2e 5 3 2.23 1 0.44         
3 2 4 2.45           
3 2 3 3.59 2 7.87         
3 3 9 3.22       2 0.36   
3 4 11 3.17           
3 4 6 1.00           
3 missing 4 2.12 1 0.66         
4 2 14 2.07           
4 2 8 1.39 1 0.09   1 2.58     
4 3 22 10.45           
4 4 3 1.43           
4 4             
5 1 2 0.42           
5 1 2 0.22         1 0.52 
5 2 24 2.19 1 0.22         
5 2 11 6.83   1 0.16       
5 2 1 0.97           
5 2 3 3.43           
5 3 15 12.48 2 5.32 3 3.05     1 0.61 
5 4 9 6.55           
5b 1  to 3 27 3.42           
5b missing 3 0.70           
5c 1 3 1.12           
5c 1 1 0.83 1 3.17         
5c 1  to 3 1 0.33           
5c missing 22 6.42 16 0.95         
5c missing 5 0.66       1 0.03   
5c missing 8 0.04           
5d 1   1 1.97         
5d 1 1 5.94           
5e 1 3 14.92           
5e/5f 2 3 0.42           
5e/5f 2 8 0.34          0.29 
 144 
5e/5f 2 90 5.33          8.74 
5e/5f 2 79 3.67          9.26 
5g missing   1 3.24         
3b - 5b 1 30 5.68 1 0.02         
3b - 5b 2             
3b - 5b 2 1 4.78           
3b, 5b 2 14 3.49 1 0.26        1.49 
missing missing 3 0.42           
missing missing 3 0.05           
missing missing 2 0.09         2 0.45 
missing missing 50 11.80 6 0.35     3 0.40  0.34 
missing missing 2 0.47           
N1 2 5 0.16          1.09 
N1 6 9 0.30     1 <0.01    1.37 
N1 7 7 0.28          1.85 
N1 15 21 2.13          5.35 
N1 17            0.22 
N1 20 1 0.01         5 0.13 
N1 21            <0.01 
N7 8           3 0.31 
1997 TOTALS 1437 378.17 48 49.27 5 4.09 3 3.29 6 0.79 21 42.60 
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Table A.9: 1998 Season IDs 
U
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w
ei
gh
t (
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P 
A
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n 
w
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gh
t (
g)
 
U
N
ID
 
N
IS
P 
U
N
ID
 
w
ei
gh
t (
g)
 
Base of 
Profile 
11c 
missing 1 1.00           
Missin
g 
16 23 0.82           
N100 
E100 
1 1 4.95           
N100 
E100 
1 2 0.37           
N100 
E100 
1 1 3.38           
N100 
E100 
1 1 0.27           
N100 
E100 
1 1 0.39           
N100 
E100 
1 1 0.15           
N100 
E100 
2 21 12.16           
N100 
E100 
3 22 6.59           
N100 
E100 
3 4 1.03           
N100 
E100 
4 10 3.19           
N100 
E100 
5 50 14.71         1 0.24 
N100 
E100 
5 1 0.32           
N100 
E100 
6 3 0.15           
N100 
E100 
6 27 3.04 1 0.49         
N100 
E100 
6 3 3.24           
N100 
E100 
6 16 2.11           
N100 
E100 
7 1 0.42           
N100 
E100 
7 30 17.32         1 0.87 
N100 
E100 
8 9 3.29     1 0.10     
N100 
E100 
9 3 1.78           
N100 
E100 
10 7 3.02   1 0.19     1 5.52 
N100 
E100 
11 4 0.24          0.49 
N100 
E100 
11 8 7.95           
N100 
E100 
12 1 1.23           
 146 
N100 
E100 
13 10 15.52 1 2.81         
N100 
E100 
14 25 45.21 2 4.29 2 1.28     1 1.91 
N100 
E100 
15 7 15.50           
N100 
E100 
15 2 2.03           
N100 
E100 
15 2 0.08   1 0.25     2 0.07 
N100 
E100 
15 21 9.86 3 1.06         
N100 
E100 
15            0.48 
N100 
E100 
15 12 4.06   2 0.11     5 0.51 
N100 
E100 
15  15.62 1 0.09         
N100 
E100 
15  24.44   1 0.14       
N100 
E100 
16 10 30.99           
N100 
E100 
17 2 6.33           
N100 
E100 
19             
N100 
E101 
1 7 7.22 1 1.95         
N100 
E101 
2 18 14.76           
N100 
E101 
3 5 3.45         1 0.71 
N100 
E101 
4 3 1.55           
N100 
E101 
5 5 1.42           
N100 
E101 
6 3 1.23           
N100 
E102 
1 7 4.47           
N100 
E102 
1 4 23.12         2 0.40 
N100 
E102 
2 9 1.52           
N100 
E102 
6             
N100 
E102 
6 5 1.05           
N100 
E102 
6 1 2.97 1 0.19         
N100 
E102 
7 1 0.87           
N100 
E102 
7 3 1.91 9 5.80         
N100 
E102 
9 12 11.99 2 4.87         
N100 
E102 
9 4 3.15 6 13.51       2 1.21 
N100 
E102 
10 3 0.98           
 147 
N100 
E102 
11             
N100 
E102 
11 3 4.05 2 14.70         
N100 
E102 
12 2 3.23           
N100 
E102 
overbur
den 
2 2.77           
N100 
E103 
2 6 6.01     3 3.80     
N100 
E103 
2 1 0.63 3 0.93         
N100 
E103 
4 1 0.84           
N100 
E103 
6 4 5.25           
N101 
E100 
2 1 0.68           
N101 
E100 
3 1 0.79 2 1.28         
N101 
E100 
3           2 0.45 
N101 
E100 
4 15 4.36   2 1.25       
N101 
E100 
5             
N101 
E100 
6 31 25.85 1 0.04       3 0.05 
N101 
E100 
7 11 5.64           
N101 
E100 
9 10 3.17 1 1.89         
N101 
E100 
10 8 3.69           
N101 
E100 
11 8 3.41           
N101 
E100 
12 19 10.66 1 0.95         
N101 
E100 
13 6 13.54   3 1.77     2 0.19 
N101 
E100 
missing 1 9.09           
N101 
E100 
missing 23 2.19           
N101 
E100 
missing 10 1.16           
N101 
E100 
missing 41 2.28           
N101 
E100 
missing 15 0.45           
N101 
E101 
1 4 2.54 2 1.63         
N101 
E101 
1 21 3.21 1 0.03         
N101 
E101 
2 2 3.00           
N101 
E101 
2 3 1.36           
N101 
E101 
3 1 8.12           
 148 
N101 
E101 
4 2 0.81           
N101 
E101 
5 4 2.73           
N101 
E101 
5 9 5.04           
N101 
E101 
6 2 1.14           
N101 
E101 
from 
posthol
e #2 
36 1.86           
N101 
E101 
missing 1 7.98           
N101 
E102 
2 1 0.30           
N101 
E102 
3 1 1.48           
N101 
E102 
5 5 1.77           
N101 
E102 
5             
N101 
E102 
6 3 0.77           
N101 
E102 
8 2 0.86           
N101 
E102 
10 43 23.15 5 8.10       2 7.93 
N101 
E102 
10 24 14.14 3 6.06       3 9.83 
N101 
E102 
11 2 2.98           
N101 
E102 
11 1 0.27           
N101 
E102 
12 3 3.56           
N101 
E102 
overbur
den 
1 2.96           
N101 
E103 
12 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00 
N101 
E96 
1 252 17.83           
N101 
E96 
1 3 15.89 4 0.14         
N101 
E96 
1             
N103 
E96 
1 25 6.18         2 3.10 
N103 
E96 
1 41 8.42 1 0.11         
N103 
E96 
1 12 13.10          7.40 
N104 
E100 
15 19 23.23           
N104 
E100 
15 4 43.94           
N104 
E101 
missing 4 5.93 4 13.03 4 2.31     1 3.64 
N104 
E101 
missing 7 0.17           
N104 
E103 
3 4 7.25 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00 
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N104 
E95 
1 9 0.67          0.32 
N104 
E95 
1 18 16.70 1 6.72         
N104 
E95 
1 1 0.07 10 1.64         
N104 
E95 
1 2 0.30           
N104 
E95 
1 142 59.01           
N104 
E95 
1 123 60.46 2 12.76 2 0.24     2 1.41 
N104 
E95 
3 8 3.42           
N104 
E95 
7 162 31.32   1 0.12       
N104 
E95 
missing 340 51.07 10 0.11         
N104 
E95 
   31 1.58         
N105 
E100 
9 2 0.12           
N105 
E100 
9 4 0.71           
N105 
E100 
10 10 4.31           
N105 
E101 
1 11 5.65 5 1.68       10 0.35 
N105 
E101 
2 48 2.00           
N105 
E101 
3 6 0.35           
N105 
E101 
5           5 0.13 
N105 
E101 
6 2 1.69           
N105 
E101 
6 90 5.37 6 0.93       1 0.06 
N105 
E101 
7 4 1.24           
N105 
E101 
7 129 4.05           
N105 
E101 
7 5 0.20 1 0.07         
N105 
E101 
9 13 2.76           
N105 
E101 
10 7 0.27           
N105 
E101 
11 1 0.16           
N105 
E101 
12 1 0.97           
N105 
E101 
14 4 0.33           
N105 
E101 
14 2 0.41           
N105 
E101 
15 7 1.59           
N105 
E101 
15   1 0.20       2 0.21 
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N105 
E101 
15 5 1.03           
N99 
E100 
1 24 8.93           
N99 
E100 
1 6 6.41           
N99 
E100 
1 138 7.74           
N99 
E100 
1  0.32           
N99 
E100 
1 30 0.62           
N99 
E100 
2 18 7.30 1 3.60       1 5.10 
N99 
E100 
2   1 3.10         
N99 
E100 
missing 27 5.93           
N99 
E100 
overbur
den 
    1 0.73       
N99 
E100  
3 36 13.99           
N99 
E101 
1 6 7.92           
N99 
E101 
missing 7 2.58           
N99 
E102 
1 16 6.38           
N99 
E102 
1 9 1.40           
N99 
E102 
2 17 1.18           
N99 
E102 
2 25 1.78           
N99 
E102 
2 4 8.82           
N99 
E102 
2 6 1.32           
N99 
E102 
3 22 4.22           
N99 
E102 
3 5 0.57           
N99 
E102 
3 10 0.26           
N99 
E102 
5 65 3.46           
N99 
E102 
7           2 1.48 
N99 
E102 
7 3 4.52           
N99 
E102 
2B 10 17.42         1 2.78 
N99 
E102 
missing 2 4.93           
N99 
E102 
missing 3 1.06           
N99 
E102 
overbur
den 
2 0.20           
N99 
E103 
1 1 0.63           
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N99 
E103 
2 3 2.74           
N99 
E103 
2 1 0.52           
N99 
E103 
11 7 5.53           
Profile D Cleanup 4 10.67 4 53.45         
1998 TOTALS 2856 1081.71 130 169.79 20 8.39 4 3.90 0 0.00 55 56.84 
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Table A.10: 1999 Season IDs 
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10-99A 4 9 7.45           
10-99A 5 15 10.93         1 5.99 
10-99A missin
g 
2 0.18           
10-99A 4 2 23.98           
11-99A 2 1 0.61           
11-99A 3 11 14.08           
11-99A 4 43 59.61           
11-99A 5 42 41.30 2 2.94         
11-99A 6 6 1.74 1 0.09         
11-99A missin
g 
4 0.52           
11-99A missin
g 
11 0.69           
11-99A missin
g 
4 0.17           
11-99A missin
g 
1 0.19           
12-99A 1 1 0.06           
12-99A 2 193 32.51          3.51 
12-99A 3 1 1.39           
12-99A 3 1 0.36           
12-99A 3 2 0.53           
12-99A 3 45 54.16 2 0.42         
12-99A 4 12 1.13   2 0.31       
12.99A 3 237 19.17 11 0.34         
12.99A 3 17 0.36   1 0.15       
13-99A 1 1 3.84           
13-99A 2 65 11.22         2 1.73 
13-99A 3 119 10.20          24.83 
13-99A 3 30 15.22 1 0.12         
13-99A 3 15 1.57           
13-99A 4 25 2.22         4 0.16 
13-99A missin
g 
16 0.99           
13-99A missin
g 
4 0.14           
 153 
13.99A 3 48 1.23           
13.99A 3 31 4.65 4 0.23         
13.99A 3 45 4.09           
13.99A 3 83 2.65           
13.99A 3 50 1.14           
13.99A 3 52 1.43           
13.99A missin
g 
34 0.96           
13-99A 1 73 17.55 1 6.42         
14-99A 1 2 0.63           
14-99A 1 250 35.05           
14-99A 2 477 91.31 4 0.20       2 1.31 
14-99A 3 45 3.43         35 2.56 
14.99A missin
g 
153 36.23 11 0.45         
15-99A 2 82 13.15 1 0.38         
15-99A 3   1 0.38         
15-99A 3 12 17.28           
15-99A 3             
15-99A 4 5 11.57           
15-99A 5 17 5.15           
15.99A 3 22 0.46           
16-99A 1 1 2.14           
16-99A 5 4 8.24 1 0.76         
16-99A 6 6 3.30 2 6.80         
17-18-
19-99 
missin
g 
77 8.77 10 3.88         
17-99A missin
g 
8 5.86           
17-99A missin
g 
1 0.59           
17-99A missin
g 
   0.14         
17-99A missin
g 
4 1.03           
17-99A missin
g 
7 8.50           
17-99A missin
g 
7 0.20           
18-99A 6 4 16.61           
18-99A missin
g 
17 13.44 3 1.65         
18-99A missin
g 
76 29.56           
18-99A missin
g 
15 0.65           
18-99A missin
g 
1 0.37     1 0.02     
 154 
18-99A missin
g 
15 0.79           
19-99A missin
g 
2 0.04           
19-99A missin
g 
          2 0.05 
19-99A missin
g 
35 63.42 1 1.32         
20-99A missin
g 
295 19.19 11 1.24        0.80 
20-99A missin
g 
9 0.21           
20-99A missin
g 
3 0.07           
20-99A missin
g 
6 0.15           
20-99A missin
g 
3 0.20           
6-99A 1 1 0.14         2 0.63 
6-99A 2 66 10.47 7 0.73         
6-99a 3 285 45.28           
6-99A 4 30 4.56 2 0.20         
6-99A missin
g 
36 4.85 1 0.10   1 0.07 4 0.38  0.81 
6-99A missin
g 
  8 0.60         
6-99A missin
g 
7 0.59           
6.99A 3 42 1.31           
6.99A 3 43 11.55           
6.99A missin
g 
48 3.83           
7-99A 2 125 26.49 9 1.37         
7-99A 3 280 30.23 11 0.79       1 2.30 
7-99A 4 42 8.10 1 0.05         
7-99A missin
g 
42 3.32 9 0.38       9 3.35 
7-99A missin
g 
31 1.38           
8-99A 1 3 0.84           
8-99A 2 45 4.53 2 0.10         
8-99A 3 54 5.58         34 2.86 
8-99A 4 52 7.05 3 0.04         
8-99A missin
g 
75 6.54 8 0.58         
8-99A missin
g 
4 0.17           
8-99A missin
g 
4 0.35           
8-99A missin
g 
7 0.23           
9-99A 2 2 1.08           
 155 
9-99A 4 24 40.16           
9-99A 5 46 95.94           
9-99A 6 4 2.28           
9-99A 7 1 1.08           
9-99A missin
g 
6 0.39           
missin
g 
missin
g 
260 39.08 6 6.28 5 5.33       
missin
g 
missin
g 
4 4.54          3.55 
N100 
E100 
18 14 13.21           
N100 
E100 
19 10 1.05          0.36 
N100 
E100 
19             
N100 
E101 
13 52 7.48 3 0.18         
N100 
E101 
13 1 9.35 1 7.44         
N100 
E102 
12 3 0.42 1 0.12         
N100 
E103 
12 105 6.24     1 0.02     
N101 
E100 
13 2 0.61           
N101 
E100 
14             
N101 
E101 
13 21 2.88           
N101 
E101 ? 
2 28 2.02           
N101 
E101 ? 
2 43 10.93           
N101 
E102 
13 37 5.29 3 0.32         
N101 
E103 
12            1.30 
N101 
E103 
12             
N101 
E103 
12 23 3.97 1 0.08         
N101 
E103 
13 37 4.06 2 0.10         
N104 
E100 
16 61 10.22           
N104 
E100 
17 55 50.60           
N104 
E101 
16 20 6.75 4 0.70       1 5.00 
N104 
E101 
17 57 40.49           
N105 
E100 
16 61 20.03         1 0.76 
N105 
E100 
16 2 6.06           
N105 
E100 
17 29 20.26           
 156 
N105 
E101 
16 57 20.94           
N105 
E101 
17 38 15.08           
N99 
E100 
4 77 20.57           
N99 
E100 
4 58 6.12 2 0.18         
N99 
E100 
5 181 43.03 4 2.06         
N99 
E100 
6 153 40.92           
N99 
E100 
6 1 3.66           
N99 
E100 
7 255 88.30 12 4.72         
N99 
E100 
8 127 55.64 4 17.27         
N99 
E100 
9 141 30.87           
N99 
E100 
10 21 13.51 2 0.22         
N99 
E100 
11 75 22.36 3 1.74         
N99 
E100 
12 16 14.08 3 5.46         
N99 
E100 
13 1 5.63           
N99 
E100 
13 263 56.66           
N99 
E101 
2 4 2.73           
N99 
E101 
4 27 0.96 7 2.82         
N99 
E101 
5 33 5.47           
N99 
E101 
6 113 29.27 3 4.10       2 0.10 
N99 
E101 
7 159 18.07 1 0.23         
N99 
E101 
8 83 37.28 4 5.63         
N99 
E101 
9 53 19.08   1 0.15       
N99 
E101 
10 60 11.83 2 0.20         
N99 
E101 
11 28 30.29 2 3.47         
N99 
E101 
12 2 1.14           
N99 
E101 
12 29 15.07           
N99 
E101 
13 96 30.72           
N99 
E101 
13 or 3 144 30.79           
N99 
E102 
9 11 2.58           
N99 
E102 
10 24 3.41           
 157 
N99 
E102 
11 47 10.63 1 0.08         
N99 
E102 
12 4 2.52           
N99 
E102 
12 255 81.01     1 0.04     
N99 
E102 
13 14 12.41 3 17.96         
N99 
E102 
13 204 99.71 2 0.69         
N99 
E103 
6 80 27.97           
N99 
E103 
6 27 2.43 10 12.00       3 0.71 
N99 
E103 
7 57 10.24 1 2.73         
N99 
E103 
8 83 36.26           
N99 
E103 
9 171 27.47 1 0.17         
N99 
E103 
9 23 0.38           
N99 
E103 
10             
N99 
E103 
10 52 15.43           
N99 
E103 
10 36 9.62           
N99 
E103 
11 187 24.71           
N99 
E103 
12 23 14.57           
N99 
E103 
13 3 0.21           
N99 
E103 
13 204 57.27           
1999 TOTALS 9142 2440.57 216 129.65 9 5.94 4 0.15 4 0.38 99 62.67 
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Table A.11: 2003 Season IDs 
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  3 15 3.99           
N100 
E280 
missin
g 
1 0.24           
N100 
E283.5 
2           1 4.64 
N100 
E283.5 
4 11 2.38 17 92.26         
N100 
E283.5 
4 1 0.33 4 9.71       4 0.63 
N100 
E283.5 
4 1 0.49           
N100 
E283.5 
4 16 16.68           
N100 
E283.5 
5           1 1.25 
N100 
E283.5 
5 49 27.40 7 6.33         
N100 
E283.5 
6             
N100 
E283.5 
7 9 5.43           
N100 
E283.5 
8 5 3.95         1 5.55 
N100 
E283.5 
9 29 30.97           
N100 
E283.5 
10 23 14.84 3 0.67         
N100 
E283.5 
11 45 13.65 3 13.24         
N100 
E283.5 
12 30 7.47 3 7.44         
N100 
E283.5 
13 50 35.85 2 7.09         
N100 
E283.5 
14 3 0.34           
N100 
E283.5 
15 3 0.78           
N100 
E283.5 
16 5 3.91           
N100 
E283.5 
16 4 1.31           
N100 
E283.5 
17 17 4.66 2 1.34       1 0.55 
N100 
E283.5 
18 18 10.77 1 0.36         
N100 
E283.5 
19 49 50.58 1 0.06         
N100 
E283.5 
missin
g 
10 5.58 1 1.57         
N100 
E283.5 
missin
g 
70 17.97           
 159 
N100 
E283.5 
missin
g 
2 0.15 1 0.89         
N100 
E283.5 
missin
g 
67 13.59           
N100 
E283.5 
missin
g 
1 0.54 3 0.77         
N100 
E283.5 
missin
g 
1 2.91           
N100 
E288 
3 2 3.51 7 2.78         
N100 
E288 
5 78 22.73 2 6.02 1 0.29     3 0.12 
N100 
E288 
5 54 10.81           
N100 
E288 
5 2 0.88           
N100 
E288 
5 116 15.59           
N100 
E288 
6 19 1.94 2 0.36         
N100 
E288 
11 11 0.65           
N100 
E288 
11 210 78.04     1 0.11     
N100 
E288 
12 41 31.68         1 8.32 
N100 
E288 
14 1 0.05           
N100 
E288  
1 9 1.72 2 3.31         
N100 
E288  
2 4 1.30 60 57.65         
N100 
E288  
4 12 4.70   1 9.94       
N100 
E288  
6 9 1.32 1 0.21         
N100 
E288  
6 1 0.15           
N100 
E288  
10 15 9.00           
N100 
E288  
10 26 7.13           
N100 
E288  
14 14 23.70           
N100 
E288  
15 36 100.29 2 5.84         
N100 
E289 
2 1 0.48 2 11.89         
N102 
E288 
2 2 6.88           
N102 
E288 
3 4 4.80           
N102 
E288 
4  0.06           
N102 
E288 
4 38 26.37           
N102 
E288 
4 10 0.55 1 0.81         
N102 
E288 
5 11 3.57           
 160 
N102 
E288 
11 22 6.50           
N102 
E288 
12 12 13.57 1 0.12         
N102 
E288 
13 5 2.82           
N102 
E288 
6 and 7  0.21           
N102 
E288 
6 and 7 5 0.82           
N102 
E288  
6 and 7 6 6.46           
N103 
E288 
1 2 14.81 8 3.68         
N103 
E288 
1 1 1.24 11 8.92         
N103 
E288 
1 3 2.05 8 8.88         
N103 
E288 
2  0.01           
N103 
E288 
2   2 22.16         
N103 
E288 
2 1 2.76 2 1.71         
N103 
E288 
2 8 4.58 7 1.70         
N103 
E288 
2   7 9.51         
N103 
E288 
3 2 2.17         7 0.58 
N103 
E288 
3 67 12.99 2 1.28         
N103 
E288 
4 4 2.62           
N103 
E288 
4 69 16.81 2 0.13         
N103 
E288 
4 1 0.01          0.01 
N103 
E288 
11 3 6.61           
N103 
E288 
missin
g 
3 0.05           
N103 
E288 
missin
g 
1 6.42           
N94 
E272 
2 5 2.86 8 14.62         
N94 
E272 
2 27 15.42           
N94 
E272 
2   5 41.52         
N94 
E273 
2 37 15.19 28 79.59         
N94 
E273 
3 3 0.30           
N94 
E274 
1 21 12.34 24 94.85       12 4.07 
N94 
E278 
1 4 2.30 4 6.71         
N94 
E278 
2 5 2.13 4 5.84         
 161 
N94 
E278 
4 194 90.68 10 4.50         
N94 
E278 
5 147 38.55 3 2.20         
N94 
E278 
6 37 13.18           
N94 
E278 
7 2 0.20           
N94 
E278 
7 22 0.90           
N94 
E278 
7 24 7.60 3 0.21       6 3.09 
N94 
E278 
7 12 1.07           
N94 
E278 
8 24 1.65           
N94 
E278 
3 to 4 34 58.48 16 21.93       2 1.05 
N94 
E278 
5 and 6 9 0.33           
N94 
E278  
6 8 1.59         1 0.26 
N94 
E278  
6 4 1.15           
N94 
E278/27
9 
5 and 3 97 26.07           
N94 
E279 
1   4 0.58         
N94 
E279 
1 25 5.20 22 14.52       1 10.28 
N94 
E279 
2 2 13.75           
N94 
E279 
2 32 14.71 6 15.61         
N94 
E279 
3 29 7.38 58 9.21 6 0.13       
N94 
E279 
3 2 1.04           
N94 
E279 
3 131 23.98 11 0.92         
N94 
E279 
3 12 3.48           
N94 
E279 
3 2 0.17           
N94 
E279 
3 138 48.87 67 6.74 14 1.28       
N94 
E279 
3 19 5.27           
N94 
E279 
8 2 0.42           
N94 
E279  
2B 5 1.14 5 4.03       2 2.02 
N94 
E280 
1   3 1.53         
N94 
E280 
1 9 7.83 13 11.21         
N94 
E280 
1   1 11.09         
N94 
E280 
2 4 0.89 5 2.71         
 162 
N94 
E280 
3 9 2.95           
N94 
E280 
3 3 24.60 14 3.66       2 0.91 
N94 
E280 
3   1 0.85         
N94 
E280 
4 25 8.41           
N94 
E280 
4 155 99.50 17 7.00         
N94 
E280 
4 300 84.43           
N94 
E280 
4  133.65           
N94 
E280 
missin
g 
10 2.40 31 20.73         
N94 
E281 
1 4 5.05         1 2.22 
N94 
E281 
2 17 17.06 4 11.86         
N94 
E281 
3 87 18.55 1 0.02         
N94 
E281 
3 59 40.72 2 0.33       6 13.19 
N94 
E281 
3   1 0.49         
N94 
E281 
5 2 0.15          0.39 
N94 
E281 
5 6 30.46           
N94 
E281 
missin
g 
7 8.02           
N94 
E281  
4 5 2.00           
N94 
E281.5 
missin
g 
20 3.68 1 1.08         
N94 
E297 
1 2 0.03 5 5.06         
N96 
E293 
7.5mas
l 
6 1.43           
N97 
E281.5 
3 27 11.87 13 17.18         
N97 
E281.5 
4 8 15.04 4 5.13         
N97 
E281.5 
5 12 10.65           
N97 
E281.5 
6 4 3.36           
N97 
E281.5 
2B 5 3.76 2 0.34 1 0.75       
N97 
E281.5 
missin
g 
16 1.45 1 3.48       4 0.98 
N97 
E281.5 
missin
g 
3 8.35           
N97 
E293 
7.31 
masl 
3 0.62           
N97 
E293 
7.31 
masl 
9 16.29           
N97 
E293 
7.41m 10 0.59           
 163 
N97 
E293 
7.41m 2 0.28           
N97 
E293 
7.41m             
N97 
E293 
7.41m 2 0.34           
N97 
E293 
7.41m 1 0.03           
N97 
E293 
7.43 m 2 0.57           
N97 
E293 
7.6m 3 1.73 5 2.14         
N97 
E293 
Elev. 
7.4 M 
3 0.51 1 0.71         
N97 
E293 
elev. 
7.41 m 
16 0.89           
N97 
E293 
elev. 
7.6 M 
  6 18.10         
2003 TOTALS 3447 1723.71 586 736.97 23 12.39 1 0.11 0 0.00 56 60.11 
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